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1 . 1  T im b e r  a n d  d e c a y .
1 . 1 . 1  T h e  im p o r t a n c e  o f  w o o d .
W ood h a s  a lw a y s  b e e n  o f  t h e  u t m o s t  im p o r t a n c e  t o  m an . 
A r c h a e o l o g i c a l  r e c o r d s  i n d i c a t e  t h a t  w o o d  h a s  b e e n  u s e d  a s  
f u e l  a n d  f o r  c o n s t r u c t i o n  p u r p o s e s  s i n c e  p r e h i s t o r i c  t i m e s .  
I t  h a s  b e e n  e s s e n t i a l  n o t  o n l y  f o r  t h e  b u i l d i n g  o f  h o u s e s  
a n d  d e f e n s i v e  s i t e s  b u t  a l s o  f o r  t h e  m a n u f a c t u r e  o f  c a r t s ,  
p l o u g h s ,  w e a p o n r y  a n d  b o a t s .  D e s p i t e  t h e  a d v e n t  o f  t h e  u s e  
o f  m e t a l s ,  s t o n e  a n d  c o n c r e t e  f o r  m any o f  i t s  f o r m e r  
p u r p o s e s ,  w o o d  r e t a i n s  i t s  p r e - e m i n e n c e  i n  t h e  m o d ern  w o r ld  
a s  a  v i t a l l y  im p o r t a n t  i n d u s t r i a l  ra w  m a t e r i a l  t h r o u g h o u t  
t h e  T h ir d  W o r ld  a n d  i n d u s t r i a l i s e d  c o u n t r i e s .  I n  s o l i d  fo r m  
i t  i s  u s e d  f o r  c o n s t r u c t i o n  p u r p o s e s  f o r  h o u s e s  a n d  b o a t s ,  
a n d  a l s o  f o r  f u e l ,  f u r n i t u r e  a n d  e v e n  j e w e l l e r y ,  w h i l s t  i n  
c o m p o s i t e  fo r m  i t  i s  u s e d  t o  m ak e p a p e r ,  p ly w o o d  a n d  
f i b r e b o a r d .  I n d e e d ,  i t  i s  h a r d  t o  im a g in e  t h e  w o r ld  o f  t h e  
1 9 9 0 ' s  w i t h o u t  w o o d .
1 . 1 . 2  W o r ld  r e q u i r e m e n t s  o f  w o o d .
T h e  t o t a l  w o r ld  c o n s u m p t io n  o f  r o u n d w o o d , i . e .  t im b e r  a s  
f e l l e d  w i t h  n o  p r o c e s s i n g ,  i n  1 9 8 8  w a s  3 , 3 2 7  m i l l i o n  c u b i c  
m e t r e s  (m3) ( G e o g r a p h i c a l  D i g e s t ,  1 9 9 0 )  . 54% w a s  u s e d  f o r  
f u e l  w o o d , o n l y  7% o f  w h ic h  w a s  u s e d  b y  t h e  d e v e l o p e d  
c o u n t r i e s .  T h e  i n d u s t r i a l i s e d  n a t i o n s  u s e d  35% o f  t h e  
r e m a i n in g  46% o f  w o r ld  w o o d  c o n s u m p t io n  f o r  i n d u s t r i a l  
p u r p o s e s ,  w i t h  t h e  r e m a in d e r  b e i n g  u s e d  f o r  t h i s  p u r p o s e  b y  
T h ir d  W o r ld  c o u n t r i e s .  I n  1 9 8 8  w o r ld w id e  p r o d u c t i o n  o f  n o n -  
c o n i f e r o u s  r o u n d w o o d  w a s  1 9 7 0  m i l l i o n  m3 , w i t h  I n d i a  
p r o d u c i n g  t h e  l a r g e s t  v o lu m e  (2 3 4  m i l l i o n  m3) a n d  t h e  UK 
n e a r  t h e  b o t t o m  o f  w o r ld  r a n k i n g s  ( 0 . 8  m i l l i o n  m3) . I n  t h e  
sa m e y e a r  t h e  w o r ld  p r o d u c t i o n  o f  c o n i f e r o u s  r o u n d w o o d  w a s
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1 3 5 7  m i l l i o n  m3; t h e  USA l e d  w o r ld  p r o d u c t i o n  f i g u r e s  (3 4 2  
m i l l i o n  m3) w h i l s t  UK p r o d u c t i o n  w a s  o n l y  4 . 3  m i l l i o n  m3 . 
P r o d u c t i o n  o f  sa w n w o o d , i . e .  t im b e r  i n  t h e  f i r s t  s t a g e  o f  
p r o c e s s i n g  ( i n  r e c t a n g u l a r  f o r m ) ,  m i r r o r s  a  c o u n t r y ' s  
p r o d u c t i o n  o f  r o u n d w o o d  ( G e o g r a p h i c a l  D i g e s t ,  1 9 9 0 ) .
W ood a n d  w o o d  p r o d u c t s  a r e  o f  g r e a t  e c o n o m ic  im p o r t a n c e  
i n  w o r ld  t r a d e  s i n c e  h i g h l y  p o p u l a t e d  i n d u s t r i a l i s e d  s m a l l  
c o u n t r i e s  c a n n o t  p r o d u c e  e n o u g h  f o r  t h e i r  ow n n e e d s  a n d  t h e y  
m u s t  im p o r t  t h e i r  r e q u i r e m e n t s .  F o r  e x a m p le ,  s o l i d  w o o d  a n d  
w o o d  p r o d u c t s  im p o r t e d  i n t o  t h e  UK i n  1 9 8 8  a m o u n te d  t o  £ 1 3 5 6  
m i l l i o n ,  o f  w h ic h  £ 2 4 5  m i l l i o n ,  £ 3 0 7  m i l l i o n  a n d  £ 1 8 4  
m i l l i o n  w o r t h  cam e fr o m  S w e d e n , C a n a d a  a n d  F i n l a n d  
r e s p e c t i v e l y  ( G e o g r a p h i c a l  D i g e s t ,  1 9 9 0 ) .  T h e  im p o r t a n c e  
t h a t  w o o d  b a s e d  i n d u s t r i e s  c a n  h a v e  t o  a c o u n t r y ' s  e c o n o m y  
c a n  b e  i l l u s t r a t e d  b y  S w e d e n , w h ic h  i s  a  s m a l l  c o u n t r y ,  b u t  
w h ic h  i s  t h e  w o r l d ' s  t h i r d  l a r g e s t  e x p o r t e r  o f  t im b e r  
p r o d u c t s  s u c h  a s  sa w n  t i m b e r ,  w o o d  p u l p ,  c e l l u l o s e ,  
p a c k a g i n g  m a t e r i a l s ,  n e w s p r i n t  a n d  s p e c i a l  p a p e r s .  T h e s e  
f o r e s t  b a s e d  i n d u s t r i e s  e m p lo y  o n l y  6% o f  t h e  w o r k  f o r c e ,  
2 5 0 ,0 0 0  p e o p l e ,  y e t  t h e y  p r o d u c e  20% o f  t h e  m o n e t a r y  v a l u e  
o f  S w e d e n 's  e x p o r t s  (M a r sd e n  & M a r s d e n , 1 9 8 9 ) .
1 . 1 . 3  S o u r c e  o f  w o o d .
W ood i s  t h e  s t r e n g t h e n i n g  a n d  s u p p o r t i n g  m a t e r i a l  f o u n d  
i n ,  a n d  p r o d u c e d  a s  a  s e c o n d a r y  t i s s u e  b y ,  t h e  s t e m  o f  a  
t r e e .  S te m s  t y p i c a l l y  s e r v e  a s  a n  a e r i a l  m e c h a n ic a l  s u p p o r t  
f o r  l e a v e s ,  f l o w e r s  a n d  f r u i t  a n d , a d d i t i o n a l l y ,  p r o v i d e  a  
p a t h  o f  c o n d u c t i o n  b e t w e e n  t h e s e  o r g a n s  a n d  t h e  s o i l - b o u n d  
r o o t s .  T r e e s  a r e  m a t u r e  i n d i v i d u a l s  o f  t h e  s e e d  p l a n t s ,  t h e  
S p e r m a t o p h y t a , a n d  a r e  d i f f e r e n t i a t e d  fr o m  s h r u b s  b y  t h e i r  
g r e a t e r  h e i g h t  a n d  t h e  p o s s e s s i o n  o f  a  s i n g l e  w o o d y  t r u n k .  
T h e G ym n osp erm s a n d  t h e  A n g io s p e r m s  a r e  t h e  tw o  p r i n c i p a l  
g r o u p s  w i t h i n  t h e  s e e d  p l a n t s  a n d  b o t h  g r o u p s  c o n t a i n  w o o d
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p r o d u c in g  s p e c i e s  ( H i l l  e t  a l . , 1960) w hich  when m ature w i l l
fo r m  a c l i m a x  v e g e t a t i o n  o f  c o m m e r c i a l l y  e x p l o i t a b l e  f o r e s t .  
M ore t h a n  h a l f  t h e  w o r l d ' s  f o r e s t s  a r e  c o m p o s e d  o f  
A n g io s p e r m  s p e c i e s  (M y e r s , 1 9 8 5 ) .  I n  1 9 8 6  31% o f  t h e  t o t a l  
l a n d  a r e a  o f  t h e  w o r l d  w a s  c o v e r e d  b y  f o r e s t s  a n d , w h i l s t  a s  
m u ch  a s  76% o f  F i n l a n d  a n d  50% o f  S w e d e n  w a s t r e e  c o v e r e d ,  
o n l y  9.5%  o f  t h e  UK w a s  s i m i l a r l y  c l a d  ( G e o g r a p h i c a l  D i g e s t ,  
1 9 9 0 )  .
T h e  G ym n osp erm s p r o d u c e  'n a k e d '  s e e d s  i n  c o n e s ,  h e n c e  
t h e  n am e g i v e n  t o  t h e  t r e e s  w i t h i n  t h i s  g r o u p  -  t h e  
c o n i f e r s .  T h e y  a r e  w i d e l y  d i s t r i b u t e d ,  b e i n g  f o u n d  i n  
r e g i o n s  w i t h  M e d i t e r r a n e a n  a n d  t e m p e r a t e  c l i m a t e s  a s  f a r  
n o r t h  a s t l a t i t u d e  7 0 ° , a n d  i n c l u d e  s p e c i e s  s u c h  a s  t h e  
p i n e s ,  s p r u c e s ,  l a r c h e s ,  h e m lo c k s  a n d  c e d a r s .  T h e  USSR  
c o n t a i n s  60% o f  t h e  w o r l d ' s  c o n i f e r o u s  f o r e s t s ,  w i t h  a  
f u r t h e r  25% i n  N . A m e r ic a  (M y e r s , 1 9 8 5 ) .  T h e A n g io s p e r m s  
( ' h i d d e n '  s e e d s )  a r e  f u r t h e r  s u b d i v i d e d  i n t o  tw o  g r o u p s ;  o f  
w h ic h  t h e  m o n o c o t y l e d o n s ,  t h e  g r a s s e s ,  d o  n o t  p r o d u c e  w o o d y  
t i s s u e s .  T h e s e c o n d  g r o u p ,  t h e  d i c o t y l e d o n s ,  c o n t a i n s  som e  
m em b ers w h ic h  p r o d u c e  w o o d . T h e b r o a d  l e a v e d  t r e e s ,  e . g .  
l i m e ,  o a k ,  b e e c h ,  s y c a m o r e  a n d  e u c a l y p t u s ,  a r e  a l l  
d i c o t y l e d o n s .  T h e y  h a v e  n a t u r a l  w o r ld w i d e  d i s t r i b u t i o n  fr o m  
e q u a t o r i a l  r e g i o n s ,  t h r o u g h  t e m p e r a t e  z o n e s  t o  t h e  t u n d r a  
( H i l l  e t  a l . ,  1 9 6 0 )  b u t  t h e  c o m m e r c i a l l y  im p o r t a n t  s t a n d s  o f  
b r o a d  l e a v e d  t r e e s  a r e  f o u n d  w i t h i n  t h e  r a n g e  o f  l a t i t u d e  
fr o m  50°N  t o  45 °S  (R ead m an  & M a y e r s ,  1 9 8 6 )  .
1 . 1 . 4  C o m m e r c ia l w o o d .
W ood o b t a i n e d  fr o m  A n g io s p e r m s  i s  co m m o n ly  t e r m e d  
h a r d w o o d  a n d  t h a t  h a r v e s t e d  fr o m  c o n i f e r s  i s  t e r m e d  
s o f t w o o d .  H o w e v e r , t h e  d e n s i t y  a n d  h a r d n e s s  o f  a  p a r t i c u l a r  
w o o d  i s  l a r g e l y  g o v e r n e d  b y  t h e  p r o p o r t i o n  o f  t h i c k  w a l l e d  
c e l l s  p r e s e n t  a n d  t h e  t e r m s  'h a r d w o o d '  a n d  ' s o f t w o o d '  d o  n o t
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a l w a y s  a c c u r a t e l y  d e s c r i b e  t h e  s t r e n g t h  o r  c o n s i s t e n c y  o f  
w o o d . I n d e e d  b a l s a  w o o d , (O ch rom a s p . ) ,  i s  t h e  s o f t e s t  w o od  
b u t  i t  c o m e s  fr o m  a  d i c o t y l e d o n  a n d  i s  t e c h n i c a l l y  a  
h a r d w o o d . T h e  t e r m s  h a r d  a n d  s o f t w o o d  d e r i v e  fr o m  t h e  
m e d i e v a l  t i m b e r  t r a d e  ( B u t t e r f i e l d  & M e y la n , 1 9 8 0 )  a n d  w e r e  
c o i n e d  b e c a u s e  t h e  c o m m e r c i a l l y  im p o r t a n t  t r o p i c a l  
d i c o t y l e d o n s  n o r m a l l y  p r o d u c e  a h a r d e r  t im b e r  t h a n  t h e  
t e m p e r a t e  c o n i f e r s .  I n  t e m p e r a t e  c o u n t r i e s  s o f t w o o d s  a r e  t h e  
m o s t  im p o r t a n t  t y p e  o f  t im b e r  u s e d  f o r  c o n s t r u c t i o n a l  
p u r p o s e s  ( C o g g i n s ,  1 9 8 0 ) .  H a rd  w o o d s  h a v e  t r a d i t i o n a l l y  b e e n  
u s e d  f o r  j o i n e r y  a n d  f l o o r s  w h ic h  a r e  t o  u n d e r g o  h e a v y  w e a r  
b u t  t h e y  a r e  a l s o  u s e d  i n  s i t u a t i o n s  w h e r e  t h e i r  g r e a t e r  
d e c o r a t i v e  p r o p e r t i e s  c a n  b e  a p p r e c i a t e d .
1 . 1 . 5  W ood f o r  c o n s t r u c t i o n .
W ood g i v e s  o r g a n i s m s  t h e  p o t e n t i a l  t o  r e a c h  g r e a t  
v e r t i c a l  h e i g h t s  i n  a n  a e r i a l  e n v ir o n m e n t ;  f o r  e x a m p le ,  t h e  
C a l i f o r n i a n  r e d w o o d  ( S e q u o ia  s e m p e r v i r e n s ) w h ic h  i s  n a t i v e  
t o  t h e  w e s t  c o a s t  o f  t h e  USA c a n  r e a c h  a h e i g h t  o f  110m  b u t  
s u c h  h e i g h t s  a r e  e x c e p t i o n a l  a n d  r i v a l l e d  o n l y  b y  so m e o f  
t h e  A u s t r a l i a n  e u c a l y p t s .  I n  B r i t a i n ,  m a t u r e  s p e c im e n s  o f  
S c o t s  p i n e  ( P in u s  s y l v e s t r i s ) , l a r c h  (L a r i x  d e c i d u a ) a n d  
b e e c h  ( F a g u s  s y l v a t i c a )  c a n  a l l  a t t a i n  h e i g h t s  o f  40m  
(C la p h a m  & N i c h o l s o n ,  1 9 7 5 ) .  Man h a s  c a p i t a l i s e d  u p o n  t h e  
s t r e n g t h  a n d  s u p p o r t i n g  f u n c t i o n  o f  w o o d  b y  u s i n g  i t  f o r  
c o n s t r u c t i o n  p u r p o s e s .  I t  i s  a n  i d e a l  b u i l d i n g  m a t e r i a l  
s i n c e  i t  i s ,  w e i g h t  f o r  w e i g h t ,  s t r o n g e r  t h a n  s t e e l ;  
r e l a t i v e l y  l i g h t w e i g h t  i n  c o m p a r i s o n  w i t h  c o n c r e t e  o r  s t e e l ;  
a e s t h e t i c a l l y  p l e a s i n g  a n d , i n  c o n t r a s t  t o  t h e  f i n i t e  
r e s e r v e s  o f  i r o n  o r  p l a s t i c  b a s e d  c o m p o u n d s , w o o d  s t o c k s  a r e  
r e n e w a b le  w h en  g i v e n  p r o p e r  m a n a g e m e n t . T h e i n h e r e n t  
d i s a d v a n t a g e s  o f  w o o d  h a v e  b e e n  l a r g e l y  o v e r c o m e  b y  m o d ern
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t e c h n o l o g y ,  e . g .  l a m i n a t i o n  p r o c e s s e s  h a v e  o v e r c o m e  t h e  
n a t u r a l  s i z e  l i m i t a t i o n s  o f  w o o d  a n d  m o d ern  f i r e  r e t a r d a n t s  
l i m i t  t h e  e x t e n t  t o  w h ic h  w o o d  c a n  b e  d e s t r o y e d  b y  f i r e  
( K in g , 1 9 8 1 ) .
1 . 1 . 6  W ood a n a t o m y .
A c r o s s - s e c t i o n  o f  a  t r u n k  sh o w s  tw o  w e l l  d e f i n e d  
r e g i o n s  -  a  r e l a t i v e l y  t h i n  e x t e r n a l  b a r k  s u r r o u n d in g  a  
c y l i n d e r  o f  s e c o n d a r y  w o o d  w h ic h  c a n  b e  lm  o r  m o r e  i n  
d i a m e t e r .  T h e s e  tw o  r e g i o n s  a r e  s e p a r a t e d  b y  a  l a y e r  o f  
m e r i s t e m a t i c  t i s s u e ,  t h e  v a s c u l a r  ca m b iu m , w h ic h  i s  o n l y  a  
f e w  c e l l s  t h i c k .  T h i s  m e r i s t e m  i s  r e s p o n s i b l e  f o r  t h e  
d e v e lo p m e n t  o f  a l l  s e c o n d a r y  t i s s u e s  w h ic h  c o n t r i b u t e  t o  t h e  
g r o w t h  i n  d i a m e t e r  o f  t h e  t r u n k .  W ood i s  c o m p o s e d  o f  
s e c o n d a r y  x y le m  c e l l s  ( t r a c h e i d s  a n d  v e s s e l s )  a n d  l i v i n g  
a x i a l  a n d  r a y  p a r e n c h y m a  c e l l s  a n d  f i b r e s .  T h e  a n n u a l  
p r o d u c t i o n  o f  w o o d  o v e r  s u c c e s s i v e  y e a r s  c r e a t e s  t h e  t r u n k  
o f  a m a t u r e  t r e e  w h ic h  i s  m a i n l y  c o m p o s e d  o f  c o n c e n t r i c  
c y l i n d e r s  o f  w o o d , a n n u a l  r i n g s ,  w i t h  a n  i n s i g n i f i c a n t  
a m o u n t o f  p r im a r y  x y le m  a n d  p i t h  i n  t h e  c e n t r e  ( H i l l  e t  a l . ,  
1 9 6 0 )  .
T h e o u t e r m o s t  10  -  12 a n n u a l  r i n g s  a r e  c o m p o s e d  o f  w o od  
w h ic h  i s  l i g h t  i n  c o l o u r  a n d  i s  c a l l e d  s a p w o o d . By  
d e f i n i t i o n  ( B u t t e r f i e l d  & M e y la n , 1 9 8 0 )  s a p w o o d  i s  s e c o n d a r y  
x y le m  w h e r e  t h e  t r a c h e a r y  c e l l s  a r e  a c t i v e  i n  w a t e r  
c o n d u c t i o n  a n d  t h e  p h y s i o l o g i c a l  a c t i v i t i e s  o f  t h e  w o o d  a r e  
p e r f o r m e d  b y  l i v i n g  a x i a l  a n d  r a y  p a r e n c h y m a  c e l l s  a n d  
f i b r e s .  H o w e v e r , m o s t  w a t e r  i s  t r a n s p o r t e d  u p  t h e  t r u n k  b y  
t h e  w o o d  i n  t h e  tw o  o r  t h r e e  a n n u a l  r i n g s  n e a r e s t  t h e  
ca m b iu m . A s t h e  w o o d  a g e s  t h e  c e l l s  i n  t h e  o l d e r  a n n u a l  
r i n g s  n e a r e r  t h e  c e n t r e  o f  t h e  t r u n k  b e c o m e  p r o g r e s s i v e l y  
l i g n i f i e d ,  a n d  t h e r e f o r e  s t r e n g t h e n e d ,  a n d  d a r k e r  b e c a u s e  o f  
d e p o s i t i o n  o f  e x t r a c t i v e s  a n d  o t h e r  e x t r a n e o u s  m a t e r i a l s  i n
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F ig u r e  1 : S i m p l i f i e d  d ia g r a m s  o f  l o n g i t u d i n a l  s e c t i o n s  
t h r o u g h  s e c o n d a r y  x y le m  e l e m e n t s  ( a d a p t e d  fr o m  
J a n e ,  1 9 5 6 ) .
F ig u r e  l a ) : G ym nosperm  t r a c h e i d .
p i t s
lu m en  
c e l l  w a l l
m id d le  l a m e l l a
F i g u r e  l b ) : A n g io s p e r m  v e s s e l  e l e m e n t .
lu m en  
c e l l  w a l l  
p i t
p e r f o r a t i o n  
m id d le  l a m e l l a
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t h e  c e l l s .  T h i s  w o o d  i s  c a l l e d  h e a r t w o o d  a n d  i s  a  
p h y s i o l o g i c a l l y  d e a d  t i s s u e  w h ic h  p r o v i d e s  t h e  c h i e f  s u p p o r t  
f o r  t h e  s t e m  o f  a  m a t u r e  t r e e .  H e a r tw o o d  i s  u s u a l l y  m o r e  
d u r a b l e  i n  u s a g e  t h a n  s a p w o o d  a n d  i s  c o m m e r c i a l l y  m o re  
v a l u a b l e  t h a n  s a p w o o d .
1 . 1 . 7  W ood m i c r o s t r u c t u r e .
T h e  m i c r o s t r u c t u r e  o f  w o o d  v a r i e s  g r e a t l y  b e t w e e n  
s p e c i e s  a n d  p a r t i c u l a r l y  b e t w e e n  h a r d  a n d  s o f t w o o d s .  
S o f t w o o d s  a r e  f a i r l y  u n i f o r m  i n  t e x t u r e  a n d  r e l a t i v e l y  e a s y  
t o  w o r k  w i t h  b e c a u s e  95% o f  t h e  w o o d  v o lu m e  o f  c o n i f e r o u s  
s p e c i e s  m ay b e  c o m p o s e d  o f  l o n g i t u d i n a l  t r a c h e i d s  ( F i g u r e  
l a ) . T h e s e  a r e  a x i a l l y  e l o n g a t e d  c e l l s  w h ic h  c a n  b e  u p  t o  10  
mm i n  l e n g t h ,  w i t h  w a l l s  o f  v a r y i n g  t h i c k n e s s  a n d  p o i n t e d  
e n d s  w h ic h  a r e  d e n s e l y  i n t e r t w i n e d  w i t h  a d j a c e n t  c e l l s  
( B u t t e r f i e l d  & M e y la n , 1 9 8 0 ) .  T h e y  f u n c t i o n  i n  s u p p o r t  a n d  
c o n d u c t i o n ;  t h e  p a s s a g e  o f  s o l u t e s  b e t w e e n  t r a c h e i d s  i s  v i a  
o p p o s i n g  p a i r s  o f  p i t s  w h ic h  p i e r c e  t h e  s e c o n d a r y  w a l l s  o f  
c o n t i g u o u s  t r a c h e i d s .
T h e  d i s t i n c t i v e  c e l l  t y p e  i n  h a r d w o o d  s p e c i e s  i s  t h e  
v e s s e l  e l e m e n t  ( F i g u r e  l b ) . T h e s e  a r e  r e l a t i v e l y  t h i n  w a l l e d  
t u b u l a r ,  o p e n  e n d e d  c e l l s  w h i c h ,  w h en  j o i n e d  e n d  t o  e n d ,  
fo r m  t h e  x y le m  v e s s e l .  I n  common w i t h  t r a c h e i d s  t h e y  h a v e  n o  
l i v i n g  c o n t e n t s  a t  f u n c t i o n a l  m a t u r i t y .  T h e s e  v e s s e l s  a r e  
s p e c i a l i s e d  f o r  l o n g i t u d i n a l  w a t e r  c o n d u c t i o n  i n  t h e  t r e e  
(K o llm a n  & C o t e ,  1 9 6 8 )  s i n c e  p i t s  o n  t h e i r  s i d e  w a l l s  a n d  
p e r f o r a t i o n s  b e t w e e n  t h e  e n d  w a l l s  o f  v e s s e l  e l e m e n t s  
f a c i l i t a t e  u n im p e d e d  u p w a r d  f l o w  t o  w a t e r  a n d  s o l u t e s .
1 . 1 . 8  W ood c e l l  w a l l s .
An o v e r a l l  p a t t e r n  i s  com m on t o  a l l  w o o d  c e l l s  i n  t h a t  
e a c h  i s  s u r r o u n d e d  ( F i g u r e  2 ) b y  a  l a y e r  kn ow n  a s  t h e  m id d le  
l a m e l l a  w i t h i n  w h ic h  i s  a  p r im a r y  w a l l  (p ) a n d  a
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F i g u r e  2 : S i m p l i f i e d  s t r u c t u r e  o f  w o o d  c e l l  w a l l  s h o w in g  t h e  
a n g l e  o f  o r i e n t a t i o n  o f  t h e  m i c r o f i b r i l s  i n  e a c h  
o f  t h e  m a jo r  w a l l  l a y e r s  ( a d a p t e d  fr o m  D e s c h  & 
D in w o o d ie ,  1 9 8 1 ) .
K e y : S I ,  S2 a n d  S3 r e p r e s e n t  t h e  s e c o n d a r y  w a l l  l a y e r s .  
P r e p r e s e n t s  t h e  p r im a r y  w a l l  o f  t h e  w ood  c e l l .
t h i c k  s e c o n d a r y  w a l l  c o n s i s t i n g  o f  3 l a y e r s  ( S I ,  S2 a n d  S 3 ) ;  
a n o t h e r  l a y e r  ( w a r t y  l a y e r )  m ay a d d i t i o n a l l y  b e  d e p o s i t e d  
s p i r a l l y  o n  t h e  l u m i n a l  s i d e  o f  t h e  S3 l a y e r .  T h e S2 l a y e r  
c a n  m ak e u p  50% o r  m o re  o f  t h e  t o t a l  w a l l  t h i c k n e s s  
( B u t t e r f i e l d  & M e y la n , 1 9 8 0 ) .
T h e  w a l l s  o f  w o o d  c e l l s  a r e  c h i e f l y  c o m p o s e d  o f  
c e l l u l o s e ,  h e m i c e l l u l o s e s  a n d  l i g n i n .  H o l o c e l l u l o s e  i s  a  
t e r m  a p p l i e d  t o  t h e  p o l y s a c c h a r i d e ,  l i g n i n - f r e e ,  f i b r o u s  
m a t e r i a l  m a k in g  u p  t h e  c e l l  w a l l .  T h e  w o o d  c e l l  w a l l  i s  a  
c o m p o s i t e  c o n t a i n i n g  ' f i b r e '  a n d  ' m a t r i x '  c o m p o n e n t s  (D e s c h  
& D i n w o o d ie ,  1 9 8 1 ) .  C e l l u l o s e  m o l e c u l e s  l y i n g  p a r a l l e l  t o  
e a c h  o t h e r  fo r m  c r y s t a l l i n e  c e l l u l o s e  w h ic h  c o m p r i s e s  t h e  
' f i b r e '  c o m p o n e n t  w h o s e  f u n c t i o n  i s  t o  c o n f e r  t e n s i l e  
s t r e n g t h .  N o n - c r y s t a l l i n e  c e l l u l o s e ,  h e m i c e l l u l o s e s  a n d  
l i g n i n  a r e  t h e  c o m p o n e n t s  w h ic h  fo r m  t h e  m a t r i x .  T h e i r  
c o m b in e d  f u n c t i o n  i s  t o  f a c i l i t a t e  u p r i g h t  g r o w t h  i n  a n  
a e r i a l  e n v ir o n m e n t  b y  c o n f e r r i n g  a  d e g r e e  o f  e l a s t i c i t y  
c o m b in e d  w i t h  r i g i d i t y  t o  t h e  m a t r i x .  N o n - c r y s t a l l i n e  
c e l l u l o s e  i s  fo r m e d  a t  i n t e r v a l s  a l o n g  t h e  l e n g t h  o f  t h e  
c r y s t a l l i n e  c e l l u l o s e  m o l e c u l e  w h e r e  t h e  p a r a l l e l  n a t u r e  o f  
t h e  m o l e c u l e s  i s  b r o k e n  d o w n . L i g n i n  i s  c h i e f l y  r e s p o n s i b l e  
f o r  r i g i d i t y  a n d  t h e  h e m i c e l l u l o s e s  p o s s i b l y  fo r m  a p r im a r y  
m a t r i x  u p o n  w h ic h  l i g n i f i c a t i o n  o c c u r s .  T h e c e l l u l o s e ,  
h e m i c e l l u l o s e  a n d  l i g n i n  fo r m  a  u n i t  c a l l e d  a  m i c r o f i b r i l  
w h ic h  i s  o f  i n d e t e r m i n a t e  l e n g t h  a n d  10 x  5 nm i n  c r o s s -  
s e c t i o n  ( D e s c h  & D in w o o d ie ,  1 9 8 1 )  . T h e s u b d i v i s i o n s  o f  t h e  
w o o d  c e l l  w a l l  a r e  d i f f e r e n t i a t e d  b y  t h e  i n t e r n a l  
a r r a n g e m e n t  o f  t h e s e  m i c r o f i b r i l s  ( F i g u r e  2 ) .
T h e  r e l a t i v e  p r o p o r t i o n s  o f  c e l l u l o s e ,  h e m i c e l l u l o s e  a n d  
l i g n i n  c a n  v a r y  a c c o r d i n g  t o  t h e  w o o d  t y p e .  T e m p e r a te  z o n e  
h a r d w o o d s  g e n e r a l l y  c o n t a i n  17 -24%  l i g n i n  ( p e r  t o t a l  w e i g h t  
o f  w o o d ) w h e r e a s  c o n i f e r s  u s u a l l y  v a r y  b e t w e e n  2 5 -3 4%  
l i g n i n .  T h e c e l l u l o s e  c o n t e n t  o f  m o s t  t e m p e r a t e  z o n e  w o o d s ,
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b o t h  h a r d  a n d  s o f t w o o d s ,  v a r i e s  b e t w e e n  4 0 -5 0 % . 
H e m i c e l l u l o s e s  c o m p r i s e  t h e  r e m a in d e r  ( K ir k ,  1 9 8 4 ) .  T h e  
s p e c i e s  o f  t r e e  w i t h i n  a  w o o d  t y p e  c a n  a f f e c t  t h e  p r o p o r t i o n  
o f  t h e s e  c o n s t i t u e n t s .  B e t u l a  p a p y r i f e r a  ( p a p e r b a r k  b i r c h ) ,  
a n  A n g io s p e r m , w a s  f o u n d  t o  c o n t a i n  42% c e l l u l o s e ,  19% 
l i g n i n  a n d  38% h e m i c e l l u l o s e  w h e r e a s  t h e  p r o p o r t i o n  o f  t h e s e  
i n  a n o t h e r  A n g io s p e r m , U lm u s a m e r ic a n a  (A m e r ic a n  e l m ) , w a s  
51% , 24% a n d  23% r e s p e c t i v e l y .  T h i s  v a r i a t i o n  c a n  a l s o  b e  
s e e n  w i t h i n  t h e  G ym n osp erm s s i n c e  P in u s  s t r o b u s  (W eym outh  
p i n e )  w a s  f o u n d  t o  c o n t a i n  41% c e l l u l o s e ,  29% l i g n i n  a n d  27% 
h e m i c e l l u l o s e s  b u t  t h e  p r o p o r t i o n s  o f  t h e s e  i n  T s u g a  
c a n a d e n s i s  (C a n a d ia n  h e m lo c k )  w e r e  41%, 33% a n d  23% 
r e s p e c t i v e l y  ( K ir k ,  1 9 8 4 ) .
1 . 1 . 9  D u r a b i l i t y  o f  w o o d .
W h i l s t  t h e  m id d le  l a m e l l a  a n d  t h e  p r im a r y  w a l l  a r e  
s t r o n g l y  l i g n i f i e d  t h i s  c h e m i c a l  i s  r e l a t i v e l y  l e s s  a b u n d a n t  
i n  t h e  s e c o n d a r y  w a l l  ( J a n e ,  1 9 5 6 ) .  L i g n i n  i s  a  m a t e r i a l  
w h ic h  i s  h a r d  t o  r e m o v e  fr o m  w o o d , e v e n  i n  t h e  l a b o r a t o r y  
s i t u a t i o n ,  a n d  i t s  p r e s e n c e  c o n t r i b u t e s  t o  t h e  d u r a b i l i t y  o f  
w o o d  (K o llm a n  & C o t e ,  1 9 6 8 ) .  D u r a b i l i t y ,  i n  r e l a t i o n  t o  
t i m b e r ,  m ay b e  d e f i n e d  a s  t h e  a b i l i t y  o f  a  m a t e r i a l  o r  
o b j e c t  t o  e n d u r e  ( C a r t w r i g h t  & F i n d l a y ,  1 9 5 8 ) .  T h e  
d u r a b i l i t y  o f  a  t i m b e r  i n c l u d e s  i t s  r e s i s t a n c e  t o  f u n g a l  
d e c a y ,  t o  i n s e c t  a t t a c k ,  t o  m e c h a n i c a l  w e a r  a n d  t o  t h e  
d e s t r u c t i v e  e f f e c t s  o f  e x p o s u r e  t o  w e a t h e r i n g  a g e n t s  s u c h  a s  
f r o s t ,  s u n  a n d  s a n d s t o r m s .  T im b e r  w h ic h  i s  p r o t e c t e d  fr o m  
t h e s e  d e s t r u c t i v e  f o r c e s  w i l l  l a s t  i n d e f i n i t e l y  s i n c e  t im b e r  
d o e s  n o t  d e t e r i o r a t e  b y  a g e  a l o n e ;  i n d e e d ,  t h e  w o o d e n  
o b j e c t s  w h ic h  a r e  f o u n d  i n  m u seu m s a r e  t e s t a m e n t  t o  t h e  
i n h e r e n t  d u r a b i l i t y  o f  w o o d . D u r a b le  t i m b e r s  i n  c o m m e r c ia l  
u s e  i n c l u d e  t h e  h a r d w o o d s  a f r o r m o s i a ,  j a r r a  a n d  t e a k ;  a n d
Page -  11
t h e  s o f t w o o d s  y e w , A m e r ic a n  p i t c h  p i n e  a n d  w e s t e r n  r e d  c e d a r  
( C a r t w r i g h t  & F i n d l a y ,  1 9 5 8 ) .
D u r a b i l i t y  i s  c o n f e r r e d  n o t  j u s t  b y  t h e  p r e s e n c e  o f  
l i g n i n  b u t  a l s o  b y  o t h e r  s u b s t a n c e s  d e p o s i t e d  i n  t h e  c e l l  
w a l l s  o f  h e a r t w o o d  w h ic h  c a n  b e  e x t r a c t e d  b y  s o l v e n t s  a n d  
w h ic h  a r e  c o n s e q u e n t l y  know n a s  e x t r a c t i v e s .  E x a m p le s  o f  
t h e s e  a r e  r e s i n s ,  w h ic h  a r e  f o r m e d  i n  t h e  s o f t w o o d s ,  a n d  
t a n n i n s ,  w h ic h  a r e  fo r m e d  i n  t h e  o a k  a n d  c h e s t n u t  
( W i l k i n s o n ,  1 9 7 9 )  . Many o f  t h e s e  e x t r a c t i v e s  a r e  t o x i c  t o  
f u n g i  a n d  t h e r e  h a v e  b e e n  m any a t t e m p t s  t o  l i n k  r e s i s t a n c e  
t o  f u n g a l  d e c a y  a n d  d u r a b i l i t y  t o  t h e  e x t r a c t i v e s  i n  a  
p a r t i c u l a r  t i m b e r .  I n  p r a c t i c e  i t  i s  o b s e r v e d  t h a t  sa p w o o d  
o f  a l l  s p e c i e s  i s  r e a d i l y  d e c a y e d  b y  f u n g i  a n d  i t  i s  o n l y  
t h e  h e a r t w o o d  o f  d u r a b l e  s p e c i e s  w h ic h  i s  r e s i s t a n t  t o  
f u n g a l  d e c a y .  T h i s  h e l p s  t o  c o n f i r m  t h a t  i t  i s  t h e  p r e s e n c e  
o f  t h e  e x t r a c t i v e s  w h ic h  m a k es  t i m b e r s  r e s i s t a n t  t o  d e c a y  
a n d  w h ic h  c o n t r i b u t e s  t o  d u r a b i l i t y .
1 . 1 . 1 0  T h e p o l y m e r i c  n a t u r e  o f  t h e  w o o d  c e l l .
T h e  m a jo r  c o m p o n e n t s  o f  t h e  w o o d  c e l l  w a l l  a r e  a l l  
n a t u r a l  p o l y m e r s .  C e l l u l o s e  i s  a  p o l y s a c c h a r i d e , a  p o ly m e r  
o f  g l u c o s e .  T h e  v a r i o u s  h e m i c e l l u l o s e s  a r e  a l s o  
p o l y s a c c h a r i d e s  b u t  t h e y  d i f f e r  fr o m  c e l l u l o s e  i n  t h a t  t h e y  
c o n t a i n  a r a b i n o s e ,  m a n n o se  a n d  x y l o s e ,  a s  w e l l  a s  g l u c o s e  
( W i l k i n s o n ,  1 9 7 9 )  . L i g n i n ,  t h o u g h  a l s o  a p o ly m e r ,  i s  n o t  a  
p o l y s a c c h a r i d e  b u t  i s  d e r i v e d  f r o m  p h e n y l a l a n i n e .  I t  i s  
s y n t h e s i s e d  v i a  c o n i f e r y l  a l c o h o l  (G y m n o sp e r m s) o r  c o n i f e r y l  
a n d  s i n a p t y l  a l c o h o l s  ( A n g io s p e r m s ) v i a  a  c o m p le x  p r o c e s s  
w h ic h  i s  n o t  f u l l y  u n d e r s t o o d  ( K ir k ,  1 9 8 4 ) .  T h e r e  a r e  a l s o  
s m a l l  a m o u n ts  o f  p r o t e i n  i n  w o o d , t h e  n i t r o g e n  c o n t e n t  o f  
w o o d  i s  u s u a l l y  s t a t e d  a s  r a n g i n g  fr o m  0 .0 3  -  0 .1 2 7 %  o f  t h e  
d r y  w e i g h t  o f  t h e  w o o d  (D e a c o n , 1 9 8 4 )  .
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W ood c o n t a i n s  m any o t h e r  s u b s t a n c e s ,  i n c l u d i n g  s t a r c h  
a n d  i n o r g a n i c  s i l i c a ,  i n  a d d i t i o n  t o  t h e  m a j o r  c o m p o n e n t s ,  
e x t r a c t i v e s  a n d  p r o t e i n .  O v e r a l l  w o o d  i s  a  m a t e r i a l  w h ic h  
c o n t a i n s  a r i c h  p o o l  o f  o r g a n i c  p o ly m e r s  w h ic h  h a v e  g r e a t  
p o t e n t i a l  a s  a  s o u r c e  o f  n u t r i e n t s  f o r  o t h e r  b i o l o g i c a l  
o r g a n i s m s .  A w id e  r a n g e  o f  o r g a n i s m s ,  i n  p a r t i c u l a r  t h e  
a s c o m y c e t e  a n d  b a s i d i o m y c e t e  f u n g i  a n d  t h e  F u n g i  I m p e r f e c t i ,  
a r e  a b l e  t o  e x p l o i t  t h e s e  n u t r i e n t s .
1 . 1 . 1 1  T r e e  p a t h o g e n s .
B o t h  l i v i n g  a n d  h a r v e s t e d  w o o d  m a t e r i a l  i s  s u s c e p t i b l e  
t o  d e c o m p o s i t i o n  b u t  t h e  l i v i n g  t r e e  h a s  a n  i n h e r e n t  
r e s i s t a n c e  t o  m o s t  b i o l o g i c a l  d e g r a d a t i o n  d u e  t o  t h e  
p r e s e n c e  o f  a  v a r i e t y  o f  d e f e n c e  m e c h a n is m s .  When t h e  b a r k  
o f  t r e e s  i s  w o u n d e d  t h e  c o r k  ca m b iu m  fo r m s  a c a l l u s  t i s s u e  
w h ic h  i s  a  c o r k y  t i s s u e  m ad e u p  o f  l a r g e ,  t h i n  w a l l e d  c e l l s  
w h ic h  p r o t e c t  t h e  i n j u r y  fr o m  i n v a s i o n  b y  p a t h o g e n s  ( H i l l  e t  
a l . ,  1 9 6 0 ) .  P l a n t s  p r o d u c e  c h e m i c a l s  w h ic h  c a n  i n h i b i t  
d e s t r u c t i v e  o r g a n i s m s ,  e . g .  s e c o n d a r y  m e t a b o l i t e s  w h ic h  
d e t e r  f e e d i n g  b y  h e r b i v o r e s  a r e  common ( P a l o ,  1 9 8 4 ) ;  a n d  t h e  
w o o d  o f  t h e  g o a t  w i l l o w  ( g r e a t  s a l l o w ) , S a l i x  c a p r e a , 
p r o d u c e s  f l a v e n o i d s  w h ic h  m ay b e  o f  r e l e v a n c e  i n  t h e  damp 
h a b i t a t  o f  t h i s  w i l l o w  s i n c e  t h e y  h a v e  b e e n  sh o w n  t o  a c t  a s  
i n h i b i t o r s  o f  so m e  w o od  d e s t r o y i n g  f u n g i  ( M a l t e r u d  e t  a l . ,  
1 9 8 5 ) .  H o w e v e r , j u s t  a s  d i f f e r e n t  w o o d  t y p e s  a n d  s p e c i e s  
v a r y  i n  t h e i r  d u r a b i l i t y  s o  d i f f e r e n t  l i v i n g  t r e e  s p e c i e s  
v a r y  i n  t h e i r  s u s c e p t i b i l i t y  t o  d e c a y .
T h e r e  a r e  a  n u m b er  o f  p a r a s i t i c  f u n g i  w h ic h  a t t a c k  
l i v i n g  t r e e s  a n d  so m e o f  t h e s e  p a t h o g e n s  h a v e  im p o r t a n t  
e c o n o m ic  i m p l i c a t i o n s .  D u tc h  E lm  D i s e a s e  h a s  d e c i m a t e d  e lm  
(U lm u s s p p )  p o p u l a t i o n s  i n  N o r t h  A m e r ic a  a n d  E u r a s i a  a n d  i s  
c a u s e d  b y  t h e  a g g r e s s i v e  s t r a i n  o f  t h e  a s c o m y c e t e  f u n g u s  
O p h io s to m a  (C e r a t o c y s t i s ) u l m i . T h e  e lm  b a r k  b e e t l e s
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S c o ly tu s  s c o l y t u s , S . l a e v i s  and S . m u l t i s t r i a t u s  a c t  a s
v e c t o r s  f o r  t h e  f u n g a l  s p o r e s  w h ic h  e n t e r  x y le m  v e s s e l s  o f  
e lm  a s  a  r e s u l t  o f  t h e  b e e t l e s  f e e d i n g  o n  t w i g s  i n  t h e  c r o w n  
o f  t h e  t r e e .  G e r m in a t io n  r e s u l t s  i n  t h e  v e g e t a t i v e  m y c e l i a l  
p h a s e  o f  g r o w t h  i n  t h e  x y le m ,  c o n i d i a  s p r e a d  r a p i d l y  t h r o u g h  
t h e  t r e e  w i t h  t h e  s a p  f l o w  a n d  h e a v i l y  i n f e c t e d  t r e e s  d i e  
w i t h i n  a  f e w  y e a r s  a s  a  r e s u l t  o f  w i d e s p r e a d  b l o c k a g e  o f  
x y le m  v e s s e l s  ( B r a s i e r ,  1 9 8 4 ) .  H e t e r o b a s i d i o n  a n n o su m  a n d  
A r m i l l a r i a  m e l l e a  a r e  tw o  b a s i d i o m y c e t e  f u n g i  w h ic h  a r e  a l s o  
o f  e c o n o m ic  im p o r t a n c e  i n  l i v i n g  t r e e s ;  H. a n n o su m  i n v a d e s  
a n d  k i l l s  t h e  r o o t  t i s s u e s  o f  c o n i f e r o u s  t r e e s ,  w h i l s t  A . 
m e l l e a  i s  a  p a t h o g e n  o f  b o t h  c o n i f e r s  a n d  A n g io s p e r m s . B o th  
o r g a n is m s  c a u s e  r o o t  r o t  a n d  d e a t h  o f  s a p l i n g s  a n d  b o t h  c a n  
c a u s e  d e c a y  o f  c o m m e r c i a l l y  v a l u a b l e  h e a r t w o o d  i n  t h e  a d u l t  
t r e e  (H u d so n , 1 9 8 6 ) .
1 . 1 . 1 2  B i o d e g r a d a t i o n  o f  w o o d .
A t t h e  e n d  o f  t h e  l i f e  o f  a  w o o d y  t r e e ,  i . e .  e i t h e r  w h en  
i t  d i e s  n a t u r a l l y  o r  w h en  i t  i s  f e l l e d  f o r  c o m m e r c ia l  u s e ,  
t h e  c o n s t i t u e n t s  o f  w o o d  w o u ld  n a t u r a l l y  b e  s l o w l y  r e t u r n e d  
t o  t h e  e c o s y s t e m  b y  d e c o m p o s i t i o n  b r o u g h t  a b o u t  b y  a  v a r i e t y  
o f  d e c a y  o r g a n i s m s .  T h i s  e n v i r o n m e n t a l l y  b e n e f i c i a l  p r o c e s s  
o f  d e g r a d a t i o n  i n c r e a s e s  t h e  hum us c o n t e n t  o f  s o i l  a n d , v i a  
t h e  p r o c e s s e s  o f  t h e  c a r b o n  a n d  n i t r o g e n  c y c l e s ,  r e c y c l e s  
m i n e r a l s  a n d  r e l e a s e s  c a r b o n  d i o x i d e  t o  t h e  a t m o s p h e r e ,  
t h e r e b y  m a k in g  th e m  a v a i l a b l e  f o r  u s e  i n  t h e  m e t a b o l i c  
p r o c e s s e s  o f  o t h e r  o r g a n i s m s .
T h e f u n g i  a r e  o f  p r im e  im p o r t a n c e  i n  t h e  b i o d e g r a d a t i o n  
o f  w o o d . H o w e v e r , i n  c o n j u n c t i o n  w i t h  t h e  b i o d e g r a d a t i o n  o f  
w o o d  b y  f u n g i  t h e r e  a r e  a n u m b er  o f  t y p e s  o f  a n im a l  w h ic h  
w i l l  d e c o m p o s e  t i m b e r ,  i n  a n  a e r i a l  e n v ir o n m e n t  t h e s e  
i n c l u d e  i n s e c t s  s u c h  a s  t e r m i t e s ,  i n  t h e  t r o p i c s ,  o r  w o od  
w orm  b e e t l e s ,  i n  t e m p e r a t e  r e g i o n s ;  w h i l s t  m o l l u s c s  s u c h  a s
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th e  m arin e T eredo a re  r e s p o n s ib le  fo r  a g r e a t  d e a l  o f  damage
i n  a q u a t i c  e n v i r o n m e n t s .  W ood w h ic h  i s  u s e d  b y  man f o r  
s t r u c t u r a l  a n d  f u n c t i o n a l  p u r p o s e s  i s  s u b j e c t e d  t o  a  f u r t h e r  
t y p e  o f  d e g r a d a t i o n ,  v i z  m e c h a n i c a l  w e a r  a n d  c h e m i c a l  
s t r e s s .  A r e v i e w  o f  a l l  t h e s e  t y p e s  o f  d e c o m p o s i t i o n  c a n  b e  
f o u n d  i n  C a r t w r ig h t  & F i n d l a y  ( 1 9 5 8 ) .
1 . 1 . 1 3  B i o d e t e r i o r a t i o n .
R e c o g n i t i o n  t h a t  t h e  d e c a y  o f  w o o d  i s  p r i m a r i l y  c a u s e d  
b y  f u n g i  i s  g e n e r a l l y  a t t r i b u t e d  t o  R o b e r t  H a r t i g  w h o s e  w o r k  
w a s p u b l i s h e d  i n  1 8 7 8 .  H o w e v e r , i n  a n  o p i n i o n  f a r  i n  a d v a n c e  
o f  s c i e n t i f i c  k n o w le d g e  o f  t h e  t im e  ( F i n d l a y ,  1 9 7 4 ) ,
B e n j a m in  J o h n s o n  o f  I p s w i c h  n o t e d  t h e  c l o s e  a s s o c i a t i o n  
b e t w e e n  t h e  d r y  r o t  f u n g u s  a n d  t h e  d e c a y e d  s t a t e  o f  w o o d  a n d  
s t a t e d  i n  a  l e t t e r  i n  t h e  T r a n s a c t i o n s  o f  t h e  R o y a l  S o c i e t y  
o f  A r t s  i n  1 8 0 3  t h a t  t h e  r o t  'w a s  d u e  t o  a  v i s i t  f r o m  a  
p l a n t ' .
W h i l s t  b i o d e g r a d a t i o n  i m p l i e s  s a p r o p h y t i c  a c t i v i t y  o f  
f u n g i  w h ic h  h a s  b e n e f i c i a l  e f f e c t s  f o r  t h e  b i o s p h e r e  ( H i l l  
e t  a l . ,  1 9 6 0 )  i t  i s  s e l f  e v i d e n t  t h a t  t h e  d e c a y  o f  w o o d  
w h ic h  i s  h a r v e s t e d  b y  man i s  u n d e s i r a b l e .  A g r e a t  d e a l  o f  
m on ey  i s  t h e r e f o r e  s p e n t  o n  p r e v e n t i o n  o f  d e g r a d a t i o n  o f  
c o m m e r c ia l  w o o d  b y  m i c r o - o r g a n i s m s .  T h i s  t y p e  o f  d e g r a d a t i o n  
w h ic h  c o n s i s t s  o f  b i o l o g i c a l  b r e a k d o w n  w i t h  a d v e r s e  
i m p l i c a t i o n s  f o r  m an, e i t h e r  o n  e c o n o m ic  g r o u n d s  o r  o n  t h e  
g r o u n d s  o f  h e a l t h  a n d  s a f e t y ,  h a s  b e e n  t e r m e d  
b i o d e t e r i o r a t i o n  (H u e c k , 1 9 6 5 ) .
T im b e r  w h ic h  i s  a t ,  o r  b e lo w ,  20% m o i s t u r e  ( w e ig h t  f o r  
w e i g h t )  i s  im m une t o  f u n g a l  a t t a c k  b u t  a b o v e  t h i s  l e v e l  t h e  
r i s k  i s  h i g h ,  e s p e c i a l l y  a b o v e  t h e  f i b r e  s a t u r a t i o n  p o i n t ,  
a p p r o x i m a t e l y  30% o f  t h e  i n i t i a l  o v e n  d r y  w e i g h t  o f  t h e  
w o o d . O p t im a l  m o i s t u r e  l e v e l s  f o r  t h e  d e c a y  o f  t i m b e r  a r e  
u s u a l l y  s t a t e d  t o  b e  i n  t h e  r a n g e  30  -  40% d e p e n d i n g  o n  t h e
Page - 15
s p e c i e s  o f  f u n g u s  ( C o g g i n s ,  1 9 8 0 )  b u t  t h i s  m ay b e  a  
g e n e r a l i s a t i o n  s i n c e  t h e  r a n g e  f o r  C. p u t e a n a  e x t e n d s  fr o m  
3 0 -  70% (McD o w e l l ,  p e r s o n a l  c o m m u n ic a t io n )  . T h e  m o s t  
f a v o u r a b l e  c o n d i t i o n  f o r  t h e  g r o w t h  o f  f u n g i  i n  w o o d  i s  w h en  
t h e  c e l l  w a l l s  a r e  f u l l y  im b ib e d  a n d  a r e  a d d i t i o n a l l y  c o a t e d  
w i t h  a  f i l m  o f  l i q u i d  w a t e r  b u t  w h e r e  a i r  s p a c e s  r e m a in  i n  
c a v i t i e s  s o  t h a t  g a s e o u s  d i f f u s i o n  c a n  o c c u r .  On h y d r a t i o n ,  
w o o d  p o ly m e r s  s w e l l  w h ic h  c r e a t e s  o p e n i n g s ,  m i c r o f i b r i l l a r  
s p a c e s ,  i n  t h e  p o ly m e r  m a t r i x  w h ic h  d o  n o t  e x i s t  i n  d r y  
w o o d . T h e  s w e l l i n g  b r o u g h t  a b o u t  b y  h y d r a t i o n  a l s o  e n l a r g e s  
t h e  e x i s t i n g  p i t s  a n d  p e r f o r a t i o n s .
1 . 1 . 1 4  F u n g a l  h y p h a e .
I n  f i l a m e n t o u s  f u n g i  t h e  m o r p h o l o g i c a l  fo r m  w h ic h  i s  
r e s p o n s i b l e  f o r  i n v a d i n g  a n d  e x p l o i t i n g  t h e  s u b s t r a t u m  i s  
t h e  v e g e t a t i v e  h y p h a . T h i s  i s  e s s e n t i a l l y  a  t u b e  c o n s i s t i n g  
o f  a  r i g i d  c e l l  w a l l  s u r r o u n d in g  p r o t o p l a s m  w h ic h  i s  s u b ­
d i v i d e d  i n t o  i n t e r c o n n e c t i n g  c o m p a r t m e n t s .  I t  u s u a l l y  h a s  a  
c o n s i s t e n t  d i a m e t e r  r a n g i n g  fr o m  1 - 3 0  |Lim. T h e  a p i c a l  
c o m p a r tm e n t  (1 5 0  -  5 0 0  jam lo n g )  h a s  a  t a p e r e d  e x t e n s i o n  z o n e  
a t  i t s  t i p  (up  t o  3 0 |im l o n g )  w h ic h  r e p r e s e n t s  t h e  r e g i o n  o f  
m o s t  a c t i v e  w a l l  g r o w t h .  I n s i d e  t h e  c y t o p l a s m  o f  t h e  
e x t e n s i o n  z o n e  i s  a  m a r k e d  a c c u m u l a t i o n  o f  m em b ran e b o u n d  
v e s i c l e s  w h ic h  p l a y  a  m a j o r  r o l e  i n  g r o w t h  (D e a c o n , 1 9 8 4 ) .  
P r o g r e s s i v e  a g e i n g  i s  s e e n  i n  t h e  c o m p a r tm e n t s  b e h in d  t h e  
a p e x  a s  v a c u o l e s  b e c o m e  p r o g r e s s i v e l y  l a r g e r  u n t i l  t h e  
c y t o p l a s m  a n d  n u c l e u s  i s  c o n s t r i c t e d  t o  a  t h i n  p e r i p h e r a l  
z o n e .  I n  t h e  o l d e s t  p a r t  o f  t h e  h y p h a  t h e  c y t o p l a s m  a n d  w a l l  
m ay b r e a k  d ow n b y  a u t o l y s i s .
T h e  c e l l  w a l l  i s  a  d y n a m ic ,  m u l t i l a y e r e d  s t r u c t u r e  w h ic h  
d e t e r m i n e s  t h e  t u b u l a r  s h a p e  o f  t h e  c e l l .  T h e  r a n g e  o f  
d i f f e r e n t i a t e d  s t r u c t u r e s  a s s o c i a t e d  w i t h  a n  o r g a n is m  a r e  a  
d i r e c t  r e s u l t  o f  t h e  w a l l  c o m p o n e n t s .  A d d i t i o n a l l y ,  t h e  w a l l
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a c t s  a s  a n  i n t e r f a c e  b e t w e e n  t h e  f u n g u s  a n d  t h e  e n v i r o n m e n t ;  
i t  p r o t e c t s  t h e  c e l l  fr o m  l y s i s ;  i t  a c t s  a s  a  b i n d i n g  s i t e  
f o r  so m e e n z y m e s  a n d  i t  h a s  a n t i g e n i c  p r o p e r t i e s  w h ic h  
m e d i a t e  t h e  i n t e r a c t i o n s  o f  f u n g i  w i t h  o t h e r  o r g a n is m s  
( D e a c o n , 1 9 8 4 ) .
1 . 1 . 1 5  F u n g a l  c e l l  w a l l s .
C e l l  w a l l s  o f  f i l a m e n t o u s  f u n g i  a r e  u s u a l l y  s u r r o u n d e d  
b y  a l a y e r  o f  e x t r a - h y p h a l  m u c i l a g e .  T h e  w a l l s  o f  a l l  f u n g i  
c o n t a i n  c r y s t a l l i n e  ' f i b r i l l a r '  a n d  a m o r p h o u s  ' m a t r i x '  
c o m p o n e n t s  b u t  t h e i r  c h e m i c a l  c o m p o s i t i o n  v a r i e s  b e t w e e n  
t a x o n o m ic  c l a s s e s  a n d  m o r p h o l o g i c a l  fo r m s  o f  t h e  sam e  
s p e c i e s  ( H u n s le y  & B u r n e t t ,  1 9 7 0 ;  G a r c ia - M e n d o z a ,  A v e l l a n  & 
N o v a e s - L e d i e v ,  1 9 8 7 ;  B a r t n i c k i - G a r c i a ,  1 9 6 8 ) .  T h e f i b r i l l a r  
c o m p o n e n t  i n  t h e  w a l l s  o f  b ro w n  r o t  f u n g i  a r e  m i c r o f i b r i l s  
c o m p o s e d  o f  a  p o l y s a c c h a r i d e ,  c h i t i n ,  w h ic h  i s  a  s t r a i g h t  
c h a i n  ( 3 - ( 1 - 4 ) - l i n k e d  p o ly m e r  o f  N - a c e t y l g l u c o s a m i n e . T h e  
m a t r i x  c o m p o n e n t s  a r e  a l s o  p o l y m e r i c  a n d  i n c l u d e  v a r i o u s  
g l u c a n s , m a n n a n s a n d  p r o t e i n s .  T h e r e  a r e  2 m a j o r  t y p e s  o f  
g l u c a n s  r e c o g n i s e d  (D e a c o n , 1 9 8 4 ) :
a )  R - g l u c a n s  w h ic h  r e p r e s e n t  15  -  30% o f  t h e  w a l l  
p o l y s a c c h a r i d e  a n d  a r e  b r a n c h e d  c h a i n s  w i t h  P ~ ( 1 - 3 ) - b a c k b o n e  
a n d  so m e  p - ( 1 - 6 ) - l i n k a g e s . T h e s e  p r o b a b l y  fo r m  c r o s s -  
l i n k a g e s  w i t h  o t h e r  w a l l  c o m p o n e n t s  a n d  s t r e n g t h e n  t h e  w a l l .
b )  S - g l u c a n s  w h ic h  r e p r e s e n t  15 -  30% o f  t h e  w a l l  
p o l y s a c c h a r i d e  a n d  a r e  c o m p o s e d  o f  a - ( 1 - 3 ) - l i n k a g e s .
I n  S c h i z o p h y l l u m  com m u n e, a  w h i t e  r o t  B a s i d i o m y c e t e , t h e  
c e l l  w a l l  i s  c o m p o s e d  o f  10% c h i t i n ,  61% g l u c a n s ,  7% 
p r o t e i n ,  3% l i p i d  a n d  <3% m a n n a n s ( H u n s le y  & B u r n e t t ,  1 9 7 0 ) .
1 . 1 . 1 6  W a ll  a r c h i t e c t u r e .
E a r ly  s t u d i e s  o f  f u n g a l  s u r f a c e  co m p o u n d s  c o n c e n t r a t e d  
o n  t h e  c h e m i c a l  n a t u r e  o f  w e l l  w a s h e d  m y c e l i a l  w a l l s  ( T a y lo r
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F i g u r e  3 : D ia g r a m  t o  i l l u s t r a t e  t h e  w a l l  a r c h i t e c t u r e  o f  a 
m a tu r e  h y p h a  o f  N e u r o s p o r a  c r a s s a  b a s e d  o n  s t u d i e s
w i t h  s e q u e n t i a l  e n z y m ic  t r e a t m e n t s  ( a d a p t e d  fr o m  
H u n s le y  & B u r n e t t ,  1 9 7 0 ;  B u r n e t t ,  1 9 7 9 ) .
(a ) (b ) ( c )  (d ) (e )
K e y : (a ) o u t e r m o s t  l a y e r  o f  a m o rp h o u s  g l u c a n s ,  c .  87nm  
t h i c k .
(b) g l y c o p r o t e i n  n e tw o r k  em b ed d ed  i n  p r o t e i n ,  c .  49nm  
t h i c k .
(c )  p r o t e i n ,  c .  9nm t h i c k .
(d ) R a n d o m ly  a r r a n g e d  c h i t i n  m i c r o f i b r i l s  em b ed d ed  i n  
p r o t e i n ,  c .  18nm t h i c k .
( e )  p la sm a le m m a .
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Sc C a m e r o n , 1 9 7 3 ) .  H u n s l e y  & B u r n e t t  ( 1 9 7 0 )  s e q u e n t i a l l y  
d i s s e c t e d  t h e  h y p h a l  w a l l s  o f  S . com m une a n d  N e u r o s o o r a  
c r a s s a  w i t h  e n z y m e s .  S u b s e q u e n t  e l e c t r o n  m i c r o s c o p y  r e v e a l e d  
a w a l l  a p p r o x i m a t e l y  1 6 0  nm t h i c k  c o m p o s e d  o f  4 s t r u c t u r a l  
r e g i o n s  w h ic h  g r a d e d  i n t o  e a c h  o t h e r  ( F i g u r e  3 ) .  T h e s e  w e r e
a )  a n  o u t e r m o s t  l a y e r  o f  a m o r p h o u s  g l u c a n s  w i t h  
p r e d o m i n a n t l y  ( $ - ( 1 - 3 )  a n d  [ $ - ( 1 - 6 )  l i n k a g e s ;
b )  a  n e t w o r k  o f  g l y c o p r o t e i n  em b e d d e d  i n  p r o t e i n ;
c )  a  l a y e r  o f  d i s c r e t e  p r o t e i n  a n d
d ) a n  in n e r m o s t  l a y e r  o f  c h i t i n  m i c r o f i b r i l s  e m b e d d e d  i n  
p r o t e i n  n e x t  t o  t h e  p la s m a le m m a .
A t t h e  h y p h a l  a p e x  t h e  w a l l  i s  t h i n n e r  ( c .  50  nm) w i t h  
o n l y  a n  in n e r m o s t  l a y e r  o f  c h i t i n  e m b e d d e d  i n  p r o t e i n  a n d  a n  
o u t e r  l a y e r  c o m p o s e d  m a i n ly  o f  p r o t e i n .  T h e  b u l k  o f  t h e  
h y p h a l  w a l l  i s  l a i d  dow n i n  t h e  a p i c a l  1 |om d o m e . G r o w th  a t  
t h e  a p e x  i n v o l v e s  d e p o s i t i o n  o f  n ew  w a l l  m a t e r i a l  a n d  i s  
t h o u g h t  t o  i n v o l v e  a  d e l i c a t e  b a l a n c e  b e t w e e n  s y n c h r o n o u s  
w a l l  l y s i s  a n d  s y n t h e s i s  b u t  t h e  m e c h a n is m  i s  n o t  w e l l  
u n d e r s t o o d .
1 . 1 . 1 7  C e l l  w a l l  b i o c h e m i s t r y .
N o n - s t r u c t u r a l  c e l l  w a l l  p r o t e i n s  a n d  g l y c o p r o t e i n s  a r e  
f o u n d  l o o s e l y  a t t a c h e d  t o  t h e  o u t s i d e  o f  t h e  w a l l s  a n d  i n  
t h e  e x t r a - h y p h a l  s h e a t h .  T h e s e  p r o t e i n s  a n d  g l y c o p r o t e i n s  
a r e  r e s p o n s i b l e  f o r  t h e  i n t e r a c t i o n  o f  t h e  h y p h a  w i t h  t h e  
e n v i r o n m e n t .  N u m ero u s  e n z y m e s ,  p a r t i c u l a r l y  h y d r o l a s e s  e . g .  
a c i d  p h o s p h a t a s e ,  a-a m y la s e  a n d  p r o t e a s e s ,  h a v e  b e e n  
l o c a t e d  i n  t h e  c e l l  w a l l  (P u g h  & C a w so n , 1 9 7 7 ) .  T h e r e  i s  a  
c o r r e l a t i o n  b e t w e e n  e n z y m e  d i s t r i b u t i o n  a n d  m o r p h o lo g y  i n  
f i l a m e n t o u s  f u n g i  (P u g h  & C a w so n , 1 9 7 7 ) .  I n  M u cor a n d  
A s p e r g i l l u s  t h e  e n z y m e  c o n t e n t  o f  y o u n g  h y p h a e  i s  g r e a t e s t  
a t  t h e  g r o w in g  t i p s  a n d  e n z y m e s  a r e  s e c r e t e d
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e x t r a c e l l u l a r l y ;  b e h in d  t h e  g r o w in g  p o i n t  t h e  p e r i p h e r a l  
e n z y m e  c o n t e n t  l e s s e n s  (P u g h  & C a w so n , 1 9 7 7 ) .
L i t t l e  i s  kn ow n  a b o u t  how  t h e s e  e n z y m e s  c r o s s  t h e  c e l l  
w a l l  a n d  l i t t l e  i s  a l s o  know n a t  a  m o l e c u l a r  l e v e l  a b o u t  
e i t h e r  t h e  o u t e r m o s t  s u r f a c e s  o f  f u n g a l  h y p h a e  o r  t h e  
p r o c e s s e s  i n v o l v e d  i n  c e l l  r e c o g n i t i o n  a n d  i n t e r a c t i o n  w h ic h  
m u s t  t a k e  p l a c e  a t ,  o r  n e a r ,  t h e  s u r f a c e s  o f  h y p h a e  
(M a c D o n a ld , D u n s t a n  & D e w e y , 1 9 8 9 ) .
1 . 1 . 1 8  D e c a y  f u n g i .
A v a r i e t y  o f  f u n g i  a r e  r e s p o n s i b l e  f o r  t h e  
b i o d e t e r i o r a t i o n  o f  w o o d  a n d  t h e s e  c a n  b e  s e p a r a t e d  i n t o  2 
c a t e g o r i e s ,  v i z  t h e  s t a i n i n g  a n d  m o u ld  f u n g i  o r  t h e  w o o d  
r o t t i n g  f u n g i  ( B r a v e r y  e t _ a l . , 1 9 8 7 ) .  M em bers o f  t h e  f o r m e r  
b e l o n g  t o  2 f u n g a l  c l a s s e s ,  t h e  A s c o m y c e t e s  a n d  t h e  F u n g i  
I m p e r f e c t i  ( D e u t e r o m y c e t e s ) .  T h e s e  s p o i l  t h e  a p p e a r a n c e  o f  
t h e  w o o d  a n d  c o n s e q u e n t l y  r e d u c e  t h e  v a l u e  o f  t h e  w o o d  b u t  
t h e r e  a r e  n o  s i g n i f i c a n t  w e i g h t  o r  s t r e n g t h  l o s s e s  i n  w o o d  
c o l o n i s e d  b y  t h e s e  f u n g i .  T h e  w o o d  r o t t i n g  f u n g i  w h ic h  a r e  
p r i m a r i l y  r e s p o n s i b l e  f o r  c a u s i n g  s i g n i f i c a n t  s t r u c t u r a l  
d a m a g e  t o  w o o d  a r e  f u r t h e r  s u b - d i v i d e d  i n t o  t h e  s o f t  r o t  
f u n g i  a n d  t h e  B a s i d i o m y c e t e s . T h e f o r m e r  s u b - d i v i s i o n  
i n c l u d e s  m em b ers o f  t h e  A s c o m y c e t e s  a n d  t h e  F u n g i  
I m p e r f e c t i ;  t h e s e  p r o d u c e  c e l l u l a s e s  w h ic h  s o f t e n  t h e  o u t e r  
l a y e r s  o f  w o o d  a n d  l e d  S a v o r y  ( 1 9 5 4 )  t o  c a l l  th e m  t h e  s o f t  
r o t  f u n g i .  T h e s e  o r g a n i s m s  w i l l  o n l y  c o l o n i s e  w o o d  w i t h  a  
h i g h e r  w a t e r  c o n t e n t  (>50% ) t h a n  t h a t  w h ic h  f a v o u r s  
c o l o n i s a t i o n  b y  B a s i d i o m y c e t e s  ( K in g , 1 9 8 1 ) .
1 . 1 . 1 9  T h e  B a s i d i o m y c e t e s .
T h e  B a s i d i o m y c e t e s  r e q u i r e  a  m in im u m  l e v e l  o f  20% 
m o i s t u r e  i n  w o o d  f o r  c o l o n i s a t i o n  b u t  i n  g e n e r a l  m o i s t u r e  
c o n t e n t s  o f  30  -  50% a l l o w  g r o w t h  ( C a r t w r i g h t  & F i n d l a y ,
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1 9 5 8 ) .  T h e  c l a s s  B a s i d i o m y c e t e s  c o n t a i n s  a b o u t  20% o f  t h e  
c l a s s i f i e d  s p e c i e s  o f  f u n g i  a n d  i s  f u r t h e r  s u b - d i v i d e d  i n t o  
t h e  H e t e r o b a s i d i o m y c e t e s  a n d  t h e  H o m o b a s id io m y c e t e s  ( H i l l  e t  
a l . ,  1 9 6 0 ) ;  o n l y  t h e  l a t t e r  g r o u p  c o n t a i n s  t h e  w o o d  r o t t i n g  
f u n g i .  T h e y  a r e  c h a r a c t e r i s e d  b y  c o n s p i c u o u s  f r u i t i n g  b o d i e s  
a n d  a  m y c e l iu m  w h ic h  f r e q u e n t l y  h a s  c la m p  c o n n e c t i o n s .  
A l t h o u g h  H o m o b a s id io m y c e t e s  c a n  a f f e c t  t h e  l i v i n g  t r e e ,  e . g .  
H. a n n o s u m , m o s t  o f  th e m  a r e  s a p r o p h y t i c .
W ood h a s  b e e n  d e s c r i b e d  a s  a  s e r i e s  o f  h o l e s  s u r r o u n d e d  
b y  n u t r i e n t s  ( A n o n . ) .  T h e  B a s i d i o m y c e t e s  a r e  a b l e  t o  
p h y s i c a l l y  a n d  c h e m i c a l l y  p e n e t r a t e  t h e s e  h o l e s  a n d ,  
t h e r e f o r e ,  a r e  s u p e r b l y  a d a p t e d  t o  e x p l o i t  t h e  p o t e n t i a l  o f  
w o o d  t o  s u p p l y  t h e i r  n u t r i t i o n a l  r e q u i r e m e n t s .  P h y s i c a l  
p e n e t r a t i o n  o f  w o o d  i s  a i d e d  b y  t h e  t u b u l a r  fo r m  o f  t h e  
m y c e l iu m . T h e  h y p h a e  w i t h i n  t h e  s u b s t r a t e  a r e  m o r e  b r a n c h e d  
a n d  m u ch  n a r r o w e r  ( 1 - 2  |iim) ( C a r t w r i g h t  & F i n d l a y ,  1 9 5 8 )  
t h a n  t h e  a e r i a l  o n e s  w h o s e  d i a m e t e r  c a n  r a n g e  fr o m  1 -  30  |iin 
( D e a c o n ,  1 9 8 4 )  s o  t h a t  t h e  n a t u r a l  o p e n i n g s  p r o v i d e d  b y  p i t s  
a n d  p e r f o r a t i o n s  i n  w a t e r  s w o l l e n  w o o d  a r e  l a r g e  e n o u g h ,  0 . 2  
-  15  |im ( J a n e ,  1 9 5 6 )  , t o  p e r m i t  m y c e l i a l  a c c e s s  i n t o  t h e  
w o o d  c e l l  lu m e n . H y p h a e  l i e  a g a i n s t  t h e  i n n e r  s u r f a c e  o f  t h e  
s e c o n d a r y  c e l l  w a l l  ( F i g u r e  4 ) a n d  s e c r e t e d  e n z y m e s  l e a v e  
t h e  f u n g a l  c e l l  a t  t h e  s i t e  o f  a c t i v e  g r o w t h ,  t h e  t i p .
E n zym e p e n e t r a t i o n  i n t o  w o o d  i s  a i d e d  b y  t h e  a q u e o u s  m ed iu m  
c r e a t e d  b y  t h e  h y d r a t i o n  o f  w o o d  w h ic h  a l l o w s  d i f f u s i o n  o f  
e n z y m e s  a n d  a c t s  a s  a  c o n t in u u m  b e t w e e n  o r g a n is m  a n d  
s u b s t r a t e .  H o w e v e r , t h e  h i g h l y  s t r u c t u r e d  c r y s t a l l i n e  n a t u r e  
o f  t h e  w o o d  c e l l  w a l l  m e a n s  t h a t  e n z y m e s ,  e . g .  c e l l u l o l y t i c  
e n z y m e s  w h o s e  a v e r a g e  d i a m e t e r  i s  5 nm, a r e  u n a b l e  t o  
p e n e t r a t e  i n t o  t h e  i n t e r - m i c r o f i b r i l l a r  s p a c e s  ( 0 . 5  -  4 nm 
a t  f i b r e  s a t u r a t i o n  p o i n t  (M o n tg o m e r y , 1 9 8 2 ) )  o f  t h e  c e l l  
w a l l s .  T h e  p r o b le m  o f  a c c e s s i b i l i t y  o f  e n z y m e s  m u s t  b e  
o v e r c o m e ,  p r e s u m a b ly  t h r o u g h  som e m e c h a n is m  o f  e n la r g e m e n t
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F ig u r e  4 : Diagram o f  wood c e l l s  in  tr a n s v e r s e  s e c t i o n
c o m p a r in g  t h e  p a t t e r n  o f  d e c a y  b y  b ro w n  r o t  a n d  
w h i t e  r o t  b a s i d i o m y c e t e  f u n g i  ( a d a p t e d  fro m  
M o n tg o m ery , 1 9 8 2 ) .
F i g u r e  4 a ) : W h ite  r o t  B a s i d i o m y c e t e  d e c a y .
m id d le  l a m e l l a  




c e l l  lu m en
f u n g a l  h y p h a
t r o u g h  e r o d e d  i n  
s e c o n d a r y  c e l l  w a l l
F i g u r e  4 b ) : B row n r o t  B a s i d i o m y c e t e  d e c a y .
Page - 22
o f  t h e  o p e n i n g s  ( K ir k ,  1 9 7 3 )  a n d  b y  n o n - e n z y m a t i c  
d e g r a d a t i v e  m e c h a n is m s ,  t o  a l l o w  d e g r a d a t i o n  t o  o c c u r .
T h e  w o o d  r o t t i n g  B a s i d i o m y c e t e s  c o n t a i n  2 g r o u p s ,  t h e  
w h i t e  a n d  b ro w n  r o t  f u n g i  b u t  t h i s  i s  n o t  a  t a x o n o m ic  s u b ­
d i v i s i o n .  I n s t e a d ,  i t  i s  b a s e d  o n  t h e  f a c t  t h a t  w h i t e  a n d  
b r o w n  r o t  f u n g i  h a v e  d e v e l o p e d  d i f f e r e n t  s t r a t e g i e s  f o r  
d e c a y i n g  w o o d  a n d , i n  p a r t i c u l a r ,  f o r  d e a l i n g  w i t h  t h e  
l i g n i n  w h ic h  s e r v e s  a s  a  c h e m i c a l  a n d  p h y s i c a l  b a r r i e r  t o  
e n z y m ic  d e g r a d a t i o n  o f  w o od  p o l y s a c c h a r i d e s  ( K ir k ,  1 9 7 1 ) .
1 . 1 . 2 0  W h ite  r o t  f u n g i .
T h e  w h i t e  r o t  f u n g i  p r o d u c e  l i g n i n a s e s  a n d  c e l l u l a s e s  
w h o s e  a t t a c k  i s  l o c a l  t o  t h e  h y p h a  ( F i g u r e  4 a )  r e s u l t i n g  i n  
c o m p l e t e  m e t a b o l i s m  o f  t h e  h o l o c e l l u l o s e  a n d  l i g n i n  
c o m p o n e n t s  o f  t h e  c e l l  w a l l .  T h e r e m a i n in g  w o o d  i s  w h i t e  i n  
a p p e a r a n c e  a n d  s p l i n t e r s  a s  d e c a y  p r o c e e d s .  Som e e x a m p le s  o f  
s a p r o p h y t i c  w h i t e  r o t  f u n g i  w h ic h  a r e  o f  e c o n o m ic  im p o r t a n c e  
i n  B r i t a i n  a r e  S t e r e u m  h ir s u t u m  a n d  C . v e r s i c o l o r . 
U n d e r s t a n d i n g  o f  t h e  s p e c i f i c  r e a c t i o n s  t h a t  c o m p r i s e  l i g n i n  
b i o d e t e r i o r a t i o n  i n  w h i t e  r o t  f u n g i  i s  f a r  fr o m  c o m p l e t e  
( E r i k s s o n ,  B l a n c h e t t e  & A n d e r , 19 9 1 )  . E v id e n c e  i s  
a c c u m u l a t i n g  t h a t  w h i t e  r o t  f u n g i  h a v e  a  c o m p le x  
l i g n i n o l y t i c  s y s t e m  a n d  t h a t  e n z y m e s  m ove i n t o  t h e  s e c o n d a r y  
w a l l  a n d  d e g r a d e  t h e  l i g n i n  t h a t  e n c r u s t s  t h e  c e l l u l o s e  
f i b r i l s  ( C o w l in g ,  1 9 6 1 ;  E r i k s s o n ,  1 9 8 5 ) .  H o w e v e r , w o r k  h a s  
b e e n  r e s t r i c t e d  t o  e l u c i d a t i o n  o f  c h e m i c a l  a n d  p h y s i c a l  
c h a r a c t e r i s a t i o n  o f  p a r t i a l l y  d e g r a d e d  l i g n i n  i s o l a t e d  a n d  
p u r i f i e d  fr o m  r o t t e d  w o o d . R e m o v a l o f  t h e  l i g n i n  e x p o s e s  t h e  
p o l y s a c c h a r i d e  e l e m e n t s  o f  t h e  c e l l  w a l l  s o  p r o g r e s s i v e  
e n z y m a t i c  d e g r a d a t i o n  o f  t h e s e  c o m p o n e n t s  c a n  o c c u r .
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T h e w h i t e  r o t  f u n g i  c a u s e  a  g r a d u a l  d e c r e a s e  i n  t h e  
d e g r e e  o f  p o l y m e r i s a t i o n  o f  t h e  c e l l u l o s e  a s  d e g r a d a t i o n  
p r o c e e d s  ( K ir k ,  1 9 7 3 )  . M o st s t u d i e s  o n  t h e  m e c h a n is m  o f  
a c t i o n  o f  p o l y s a c c h a r i d a s e s  h a v e  b e e n  c a r r i e d  o u t  o n  
c e l l u l o s e  s i n c e  t h i s  i s  t h e  m a in  c o m p o n e n t  o f  w o o d . T h e r e  
a r e  2 m a in  t y p e s  o f  h y d r o l y t i c  c e l l u l a s e s ,  e x o g l u c a n a s e s  a n d  
e n d o g l u c a n a s e s , w h ic h  a c t  s y n e r g i s t i c a l l y . T h e  c u r r e n t  
c o n c e p t  o f  c e l l u l o s e  d e g r a d a t i o n  i s  t h a t  e n d o g l u c a n a s e s  a c t  
r a n d o m ly  w i t h i n  t h e  c r y s t a l l i n e  c e l l u l o s e  c h a i n ,  b r e a k i n g  
c h e m i c a l  b o n d s  a n d  c r e a t i n g  f r e e  e n d s  t o  w h ic h  t h e  
e x o g l u c a n a s e s  c a n  b i n d  p r i o r  t o  t h e i r  h y d r o l y s i s  o f  g l u c o s e  
o r  c e l l o b i o s e  u n i t s  f r o m  t h e  e n d s  o f  t h e  c h a i n  (M o n tg o m e r y , 
1 9 8 2 ) .  To d a t e  t h e  f o l l o w i n g  e n z y m e s  fr o m  S p o r o t r ic h u m  
p u l v e r u l e n t u m  ( P h a n e r o c h a e t e  c h r y s o s p o r i u m ) , u s e d  a s  a  m o d e l  
f u n g u s ,  h a v e  b e e n  e x t e n s i v e l y  r e s e a r c h e d  ( E r i k s s o n ,  
B l a n c h e t t e  & A n d e r s ,  1 9 9 1 ) :
a )  f i v e  e n d o - 1 , 4 - p - g l u c a n a s e s  t h a t  a t t a c k  t h e  c h a i n  a t  
r a n d o m  h y d r o l y s i n g  t h e  1 , 4 - p - g l u c o s i d i c  l i n k a g e s  ( E r i k s s o n  & 
P e t t e r s s o n ,  1 9 7 5 ) ;
b ) o n e  e x o - 1 , 4 - p - g l u c a n a s e  t h a t  s p l i t s  o f f  e i t h e r  
c e l l u l o b i o s e  o r  g l u c o s e  fr o m  t h e  n o n - r e d u c i n g  e n d  o f  t h e  
c e l l u l o s e  ( E r i k s s o n  & W ood, 1 9 8 5 ) ;
c )  tw o  1 , 4 - p - g l u c o s i d a s e s  t h a t  h y d r o l y s e  c e l l o b i o s e  a n d  
o t h e r  w a t e r  s o l u b l e  c e l l o d e x t r i n s  t o  g l u c o s e  ( E r i k s s o n  & 
W ood, 1 9 8 5 ) .
O x i d a t i v e  e n z y m e s  a r e  a l s o  i n v o l v e d  i n  c e l l u l o s e  
d e g r a d a t i o n  ( E r i k s s o n ,  B l a n c h e t t e  & A n d e r , 1 9 9 1 ) .  To d a t e  
o n l y  c e l l o b i o s e  d e h y d r o g e n a s e  (W e s te r m a r k  & E r i k s s o n ,  1 9 7 5 )  
a n d  c e l l o b i o s e  o x i d a s e  (A y e r s  & E r i k s s o n ,  1 9 8 2 )  h a v e  b e e n  
i d e n t i f i e d  i n  P . c h r y s o s p o r i u m .
1 .1 .2 1  D eg r a d a tio n  o f  c e l l u l o s e  by w h ite  r o t  f u n g i .
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B row n  r o t  f u n g i  c a u s e  a  g e n e r a l i s e d  d i f f u s e  r o t  
r e s u l t i n g  i n  w o o d  c r a c k i n g  a l o n g  l i n e s  o f  w e a k n e s s  i n t o  
c u b o i d a l  p i e c e s .  N i l s s o n  ( 1 9 8 5 )  d e f i n e d  b ro w n  r o t  a s  a  fo r m  
o f  f u n g a l  d e c a y  c a u s e d  b y  B a s i d i o m y c e t e s  t h a t  m a i n l y  
d e g r a d e s  t h e  p o l y s a c c h a r i d e s  t h r o u g h  e x t e n s i v e  
d e p o l y m e r i s a t i o n .  A l t h o u g h  so m e d e g r a d a t i o n  o f  l i g n i n  i s  
a p p a r e n t  t h e  r e s i d u a l  s u b s t a n c e  a f t e r  a d v a n c e d  b r o w n  r o t  
d e c o m p o s i t i o n  c o n s i s t s  o f  a n  a m o r p h o u s  b ro w n  c r u m b ly  r e s i d u e  
t h a t  i s  c o m p o s e d  p r i m a r i l y  o f  l i g n i n .  Som e e x a m p le s  o f  b ro w n  
r o t  f u n g i  w h ic h  a r e  e c o n o m i c a l l y  im p o r t a n t  i n  B r i t a i n  a r e  
S e r p u l a  l a c r y m a n s , C o n io p h o r a  p u t e a n a  a n d  F i b r o p o r i a  
v a i l l a n t i i . T h e i r  h y p h a e  p r o d u c e  c e l l u l a s e s  w h ic h  d i f f u s e  
i n t o  t h e  S2 l a y e r  o f  t h e  w a l l  c a u s i n g  r o t  d i s t a n t  fr o m  t h e  
h y p h a  ( F i g u r e  4 b ) . S i n c e  t h i s  d i f f u s i o n  w o u ld  b e  h i n d e r e d  b y  
t h e  p h y s i c a l  p r e s e n c e  o f  l i g n i n  t h e  h y p h a e  a l s o  p r o d u c e  
c h e m i c a l s  w h ic h  a f f e c t  t h e  s t r u c t u r e  o f  l i g n i n .  H o w e v e r ,  
b r o w n  r o t  o r g a n i s m s  l a c k  t h e  c o m p le x  e n z y m a t i c  c o m p o n e n t s  o f  
t h e  l i g n i n o l y t i c  s y s t e m  o f  t h e  w h i t e  r o t  f u n g i .  T h e  a t t a c k  
o n  l i g n i n  s e e m s  t o  b e  l i m i t e d  t o  a  r e m o v a l  o f  p a r t  o f  t h e  
m e t h o x y l  g r o u p s  (A n d e r  & E r i k s s o n ,  1 9 7 8 )  w i t h  t h e  r e s u l t  
t h a t  l i g n i n  i s  o n l y  m o d i f i e d  a n d  s l i g h t l y  d e p l e t e d  d u r in g  
b r o w n  r o t  f u n g a l  a t t a c k .  B row n  r o t  f u n g i  s t r o n g l y  d e c r e a s e  
t h e  m e t h o x y l  c o n t e n t  o f  l i g n i n  i n  w o o d  ( K ir k ,  1 9 7 5 ;  F u k u d a  & 
H a r a g u c h i , 1 9 8 5 ) .  A r o m a t ic  h y d r o x y l  g r o u p s  a r e  f o r m e d  d u r in g  
t h i s  d e m e t h y l a t i o n  a n d  n ew  h y d r o x y l  g r o u p s  m ay a l s o  b e  
i n t r o d u c e d  b y  d i r e c t  h y d r o x y l a t i o n  o f  a r o m a t i c  r i n g s  o r t h o  
t o  p r o p a n o id  s i d e  c h a i n s  ( K ir k ,  1 9 7 5 ) .  I n  a d d i t i o n ,  t h e r e  i s  
a l s o  a n  i n c r e a s e  i n  t h e  c o n t e n t  o f  o x y g e n  d u e  t o  c o n j u g a t e d  
c a r b o n y l  a n d  c a r b o x y l  g r o u p s .  H o w e v e r , t h e  m e c h a n is m s  b y  
w h ic h  t h e s e  c h a n g e s  a r e  e f f e c t e d  h a v e  s t i l l  t o  b e  e l u c i d a t e d  
( E r i k s s o n ,  B l a n c h e t t e  & A n d e r , 1 9 9 1 ) .
1 .1 .2 2  Brown r o t  f u n g i ♦
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1 .1 .2 3  Brown r o t  funeral d eca y  o f  c e l l u l o s e .
R e c e n t  o b s e r v a t i o n s  s u g g e s t  t h a t  b ro w n  r o t  
B a s i d i o m y c e t e s  d e g r a d e  p o l y s a c c h a r i d e s  b y  a  m e c h a n is m  
d i f f e r e n t  fr o m  t h a t  o p e r a t i n g  i n  S . o u l v e r u l e n t u m  ( E r i k s s o n ,  
B l a n c h e t t e  & A n d e r , 1 9 9 1 )  s i n c e  t h e y  p r o d u c e  e n d o - l , 4 - ( 3 -  
g l u c a n a s e s  b u t  s e e m  t o  l a c k  t h e  e x o - 1 , 4 - p - g l u c a n a s e s  
( H i g h l e y ,  1 9 7 5 ) .  T h e r e f o r e  b r o w n  r o t  f u n g i  c a n n o t  d e g r a d e  
c r y s t a l l i n e  c e l l u l o s e  b y  t h e  s y n e r g i s t i c  a c t i o n  o f  e n d o -  a n d  
e x o -  g l u c a n a s e s .  No o t h e r  e n z y m e  s y s t e m s  a r e  k n ow n  t o  
s u b s t i t u t e  f o r  t h e  s y n e r g i s t i c  e n d o - e x o - g l u c a n a s e  c o ­
o p e r a t i o n  ( E r i k s s o n ,  B l a n c h e t t e  & A n d e r , 1 9 9 1 ) .
A d d i t i o n a l l y ,  b r o w n  r o t  f u n g i  d o  n o t  a p p e a r  t o  h a v e  t h e  f u l l  
c o m p le m e n t  o f  o x i d a t i v e  e n z y m e s  p o s s e s s e d  b y  w h i t e  r o t  f u n g i  
f o r  c e l l u l o s e  d e g r a d a t i o n  (A n d e r  & E r i k s s o n ,  1 9 7 8 ) .
T h e m a in  f e a t u r e  o f  b ro w n  r o t  d e c a y  i s  t h e  r a p i d  
d e p o l y m e r i s a t i o n  o f  t h e  h o l o c e l l u l o s e ,  a n  a b i l i t y  a p p a r e n t l y  
u n iq u e  t o  t h e  b r o w n  r o t  f u n g i  ( E r i k s s o n ,  B l a n c h e t t e  & A n d e r ,  
1 9 9 1 )  s i n c e  w h i t e  r o t  f u n g i  d e p o l y m e r i s e  c e l l u l o s e  m o re  
s l o w l y  a n d  u t i l i s e  t h e  d e g r a d a t i o n  p r o d u c t s  s i m u l t a n e o u s l y .  
T h i s  i m p l i e s  t h a t  t h e  d e p o l y m e r i s i n g  a g e n t  m ig h t  b e  o f  lo w  
m o l e c u l a r  w e i g h t  a n d  c a n  e a s i l y  d i f f u s e  t h r o u g h  t h e  w o o d  
f i b r e  w a l l  t o  g a i n  a c c e s s  t o  t h e  c e l l u l o s e  c h a i n s .  K o e n ig s  
( 1 9 7 4 a )  f o u n d  t h a t  b ro w n  r o t  f u n g i  a r e  p o w e r f u l  p r o d u c e r s  o f  
H20 2 a n d  s u g g e s t e d  t h a t  t h e s e  f u n g i  o x i d i s e  c e l l u l o s e ,  w i t h  
t h e  i n i t i a l  a t t a c k  o n  c r y s t a l l i n e  c e l l u l o s e  v i a  a n  H20 2/ F e 2+ 
s y s t e m  ( K o e n ig s ,  1 9 7 4 b ) .  I t  h a s  b e e n  e s t i m a t e d  t h a t  t h e r e  i s  
e n o u g h  i r o n  i n  t h e  f e r r i c  fo r m  i n  w o o d  t o  s u s t a i n  i t s  
d e c o m p o s i t i o n  b u t  t h i s  w o u ld  h a v e  t o  b e  c o n v e r t e d  t o  t h e  
a c t i v e  F e 2+ fo r m  (M o n tg o m e r y , 1 9 8 2 ) .  T h e H20 2 c o u l d  b e  
p r o d u c e d  b y  t h e  o x i d a t i o n  o f  s u g a r s  t o  s u g a r  l a c t o n e s  b y  
f u n g a l  e n z y m e s  a n d  t h e  n e e d  f o r  t h i s  r e a c t i o n  w o u ld  e x p l a i n  
t h e  f i n d i n g s  o f  H i g h l e y  ( 1 9 7 8 )  w h ic h  i n d i c a t e d  t h a t  P o r i a  
p l a c e n t a  w a s  u n a b l e  t o  d e g r a d e  c e l l u l o s e  u n l e s s  o t h e r
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p o l y s a c c h a r i d e s  ( h e m i c e l l u l o s e s ) w e r e  p r e s e n t .  He c o n c l u d e d  
t h a t  t h e r e  w a s  s t r o n g  e v i d e n c e  t h a t  b ro w n  r o t  f u n g i  u s e  a  
n o n - p r o t e i n  o x i d a t i v e  m e c h a n is m  t o  i n i t i a t e  c e l l u l o s e  
b r e a k d o w n  i n  w o o d  p r i o r  t o  i t s  e n z y m ic  d e g r a d a t i o n .  T h i s  w a s  
c o n f i r m e d  b y  C obb (1 9 8 2 )  w ho d e m o n s t r a t e d  t h a t  a  n o n - e n z y m ic  
c e l l u l o s e  d e c a y  m e c h a n is m  e x i s t s  i n  b ro w n  r o t  f u n g i .  Much 
w o r k  r e m a in s  t o  b e  d o n e  u n t i l  t h e  e x a c t  m e c h a n is m s  c a n  b e  
e l u c i d a t e d  ( E r i k s s o n ,  B l a n c h e t t e  & A n d e r , 1 9 9 1 ) .
I f  a  H20 2/ F e 2+ c e l l u l o s e  d e g r a d i n g  s y s t e m  e x i s t s  i n  b ro w n  
r o t  f u n g i  a  s u i t a b l e  s a f e t y  m e c h a n is m  m u st  a l s o  h a v e  e v o l v e d  
s i n c e  H20 2 i s  h i g h l y  t o x i c  t o  l i v i n g  c e l l s ;  i t  f o r m s  f r e e  
r a d i c a l s  b y  h o m o l y t i c  c l e a v a g e  t h a t  r a p i d l y  a t t a c k  l i p i d  
m em b ra n es  (M o n tg o m e r y , 1 9 8 2 ) .  T h e  l o c a l i s a t i o n  o f  
p o l y s a c c h a r i d e  d e g r a d a t i o n  a t  so m e  d i s t a n c e  fr o m  t h e  b ro w n  
r o t  h y p h a  m ay w e l l  b e  a p r o t e c t i v e  m e c h a n is m .
R e s p i r a t i o n  i n  f u n g i  i s  s i m i l a r  t o  t h a t  i n  o t h e r  a e r o b i c  
o r g a n is m s  b u t  b ro w n  r o t  B a s i d i o m y c e t e s  a c c u m u la t e  o x a l i c  
a c i d  i n  c u l t u r e s .  I t  i s  s y n t h e s i s e d  d u r i n g  a e r o b i c  
r e s p i r a t i o n  b y  o x i d a t i o n  o f  g l y c o x y l a t e  ( G r i f f i n ,  1 9 8 1 ) .  
O x a l i c  a c i d  c r e a t e s  a n  a c i d  e n v ir o n m e n t  i n  w o o d  a n d  B e c h -  
A n d e r s e n  ( 1 9 8 7 )  h a s  a r g u e d  t h a t  o x a l i c  a c i d ,  b y  h y d r o l y s i s  
o f  h e m i c e l l u l o s e s ,  a c t s  a s  a n  a g e n t  f o r  o p e n i n g  u p  t h e  w o o d  
s o  t h a t  c e l l u l o s e  i s  m o re  a c c e s s i b l e  t o  e n z y m ic  a t t a c k .
1 . 1 . 2 4  T im b e r  p r e s e r v a t i o n .
W h i l s t  d e c a y  o f  t im b e r  i s  w i d e s p r e a d  i t  i s  b y  n o  m ea n s  
i n e v i t a b l e  a n d  t h e  l o n g  l a s t i n g  t im b e r  c o n s t r u c t i o n s  o f  man 
b e a r  w i t n e s s  t o  t h e  i n h e r e n t  d u r a b i l i t y  o f  t i m b e r .  
E s s e n t i a l l y  f u n g i  c a n  d e c a y  t i m b e r  w h en  m o i s t u r e  l e v e l s  
i n c r e a s e  a b o v e  a b o u t  20% ( C o g g i n s ,  1 9 8 0 ) .  A v a r i e t y  o f  
p r e s e r v a t i v e  m e t h o d s  h a v e  b e e n  d e v i s e d  f o r  s i t u a t i o n s  w h e r e  
i t  i s  i m p o s s i b l e  t o  p r e v e n t  m o i s t u r e  l e v e l s  f r o m  r e a c h i n g  
t h i s  v a l u e .  T h e  m e th o d s  i n  u s e  c a n  b e  c a t e g o r i s e d  u n d e r  o n e
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o f  t h e  f o l l o w i n g  h e a d i n g s :  n o n - p r e s s u r e ,  d i f f u s i o n  a n d  s a p  
r e p l a c e m e n t ;  o r  p r e s s u r e  a n d  v a cu u m  i m p r e g n a t i o n  (K o llm a n  & 
C o t e ,  1 9 6 8 ) .  A l l  t h e s e  p r o c e s s e s  i n v o l v e  i m p r e g n a t i o n  o f  
w o o d  w i t h  a  b i o c i d a l  c h e m i c a l .  T h e c h e m i c a l s  w h ic h  a r e  
a p p l i e d  i n  t h e s e  m e t h o d s  i n c l u d e  o r g a n i c  p r e s e r v a t i v e s  a n d  
i n o r g a n i c  w a t e r  s o l u b l e  p r e s e r v a t i v e s ,  e . g .  b o r o n  a n d  
f l u o r i d e  c o m p o u n d s  o r  co m p o u n d s  o f  c o p p e r - c h r o m e - a r s e n i c  
(C C A ). T h e  m o s t  w i d e l y  u s e d  o r g a n i c  p r e s e r v a t i v e  i s  c r e o s o t e  
b u t  o t h e r  co m p o u n d s  w h ic h  a r e  u s e d  a s  f u n g i c i d e s  a r e  
p e n t a c h l o r o p h e n o l  a n d  t r i b u t y l t i n  o x i d e  a n d  d e r i v a t i v e s  
( B e c k e r ,  1 9 6 8 )  i n  s u i t a b l e  s o l v e n t s .
C r e o s o t e ,  a n  o i l  fr o m  c o a l  t a r ,  w a s  i n t r o d u c e d  f o r  
p r a c t i c a l  p u r p o s e s  i n  1 8 8 3  w h en  B e t h e l l ' s  p a t e n t  f o r  t h e  u s e  
o f  'd e a d  o i l '  o f  t a r  w a s  t a k e n  o u t .  I n i t i a l l y  i t  w a s  
p r i n c i p a l l y  u s e d  f o r  t h e  p r e s e r v a t i o n  o f  r a i l w a y  s l e e p e r s  
a n d  w o o d e n  s h i p s  (R a m sb o tto m , 1 9 3 7 )  . C r e o s o t e  h a s  l o n g  b e e n  
r e g a r d e d  a s  a  s t a n d a r d  p r e s e r v a t i v e  f o r  w o o d w o r k  o f  lo w  
a e s t h e t i c  v a l u e  a n d  i s  u s e d  f o r  m o s t  d i s t r i b u t i o n  a n d  
t e l e g r a p h  p o l e s  i n  t h e  UK; f e n c e  p o s t s ,  g a r d e n  s h e d s  a n d  
h o a r d i n g s  a r e  o f t e n  r o u t i n e l y  c o a t e d  w i t h  c r e o s o t e .  
P r e s e r v a t i o n  o f  d o m e s t i c  b u i l d i n g  t im b e r  i s  r a r e l y  
u n d e r t a k e n  d e s p i t e  e i t h e r  t h e  i n e v i t a b i l i t y  o f  d e c a y  i f  
t i m b e r  i s  w e t t e d  o r  t h e  r e l a t i v e  c h e a p n e s s  o f  p r e s e r v a t i o n  
w h en  c o m p a r e d  w i t h  t h e  t o t a l  c o s t  o f  r e p l a c e m e n t .  R e c e n t  
f i g u r e s  f r o m  t h e  F o r e s t r y  C o m m is s io n  T im b e r  U t i l i s a t i o n  
D e p a r tm e n t  s u g g e s t  t h a t  i t  w o u ld  o n l y  c o s t  £ 1 2 0  t o  p r e s e r v e  
a l l  t h e  t i m b e r  i n  a  n ew  h o u s e .
1 . 1 . 2 5  A l t e r n a t i v e s  t o  c h e m i c a l  p r e s e r v a t i o n .
A c r i t i c i s m  o f  a n y  c h e m i c a l  p r e s e r v a t i v e  m e th o d  i s  t h a t  
t h e  c h e m i c a l s  u s e d  a r e  n e c e s s a r i l y  b i o c i d a l  a n d  p o t e n t i a l l y  
d a n g e r o u s  t o  h u m a n s , o t h e r  a n i m a l s  a n d  p l a n t s  b u t  s e a r c h e s  
f o r  l e s s  e n v i r o n m e n t a l l y  d a n g e r o u s  p r e s e r v a t i v e s  a r e  o n g o in g
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in  many la b o r a t o r i e s .  An a l t e r n a t i v e  to  u s in g  p o t e n t i a l l y  
dangerous chem ical p r e s e r v a t iv e s  would employ a b i o l o g i c a l  
organism which i s  a n a tu r a l  p re d a to r  on th e decay fungus 
o n ly , i . e .  a c o n tr o l  agent which would i d e a l l y  be t a r g e t  
s p e c i f i c .  These b i o l o g i c a l  c o n tr o l  methods have the 
p o t e n t ia l  to  c o n tr o l  p e st  organisms in  an en viron m en tally  
s a fe  way because th ey  e x p lo i t  th e  f a c t  th a t  ev ery  organism 
i s  p a rt  o f  a food web, thus im plying th a t  th e  p e s t  i s  preyed 
upon and used by another organism as a food so urce . 
B io l o g i c a l  c o n tr o l  has been d e fin e d  as the su pp ression  o f a 
p e s t  by means o f  the in tr o d u c t io n  o f  the p r e d a to rs ,  
p a r a s i t e s  and th e d is e a s e s  by which i t  i s  n a t u r a l l y  a tta c k e d  
(Smith, 1948). B io lo g i c a l  c o n tr o l  has been w id e ly  used in 
many areas o f h o r t i c u l t u r e  but has been in fr e q u e n t ly  
in v e s t ig a t e d  f o r  c o n tr o l  o f  B a s id io m y ce te s . Bruce (1983) 
in v e s t ig a t e d  th e e f f e c t  o f  Triehoderma and o th e r  moulds on 
c o n tr o l  o f  L. le p id e u s  in  c re o so te d  d i s t r i b u t i o n  p o le s  and 
A. Score (personal communication) found th a t  T. harzianum 
stopped the growth o f  i s o l a t e s  o f  the dry r o t  fungus S .
1 aerymans.
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1 .2  The d ry  r o t  fu n g u s .
1 . 2 . 1  Serpula  lacrym ans.
S . lacrvmans (Wulfen: F r .)  S ch roeter  apud Cohn i s  
perhaps the b e s t  known brown r o t  Basidiom ycete and i s  
c e r t a i n l y  the most d e s t r u c t i v e  wood decay fungus of 
b u ild in g s  in  tem perate re g io n s  outw ith  the USA (Cartw right & 
F in d la y , 1958). I t  i s  the c a u s a t iv e  organism o f  dry r o t  o f  
tim ber and, to g e th e r  w ith  2 wet r o t  fungal organisms, C . 
puteana and F. v a i l l a n t i i , i s  r e s p o n s ib le  fo r  95% o f  decay 
o f  b u i ld in g  tim bers in  B r i t a i n  (Coggins, 1980) . The use of 
the term 'd ry  r o t '  has i t s  o r ig in s  in  the times even b e fo re  
i t  was re co g n ise d  th a t  a fungus p lay ed  any p a rt  in  the decay 
(Coggins, 1977) and S . lacrymans has come to  be e x c l u s iv e l y  
a s s o c ia t e d  w ith  t h i s  term.
1 .2 .2  Nom enclature.
The name by which the organism i s  s t i l l  known to  many 
o p e r a t iv e s  working in  tim ber p r e s e r v a t io n  and a r c h i t e c t u r e  
i s  M erulius lacrvm ans, which in d ic a t e s  th a t  the nomenclature 
o f  S. lacrymans (S. la c r im a n s , M. lacrvmans or M. la c r im a n s) 
i s  s t i l l  in  a confused s t a t e .  M erulius as a g e n e r ic  name has 
been in  use s in c e  1720 but was san ction ed  as a genus by 
F r ie s  in  1821. However, in  the same y e a r ,  f i r s t l y ,  a 
d i s t i n c t i o n  was e s t a b l i s h e d  w ith in  the genus M erulius 
between the brown spored Serpula  sp e c ie s  and th e w hite  
spored M erulius sp e c ie s  and, secon d ly , Serpula  was r a is e d  to  
g e n e r ic  s t a t u s  by Gray. There i s  v a r ia t io n  in  the l i t e r a t u r e  
over th e  s p e l l i n g  o f  the e p i t h e t  lacrvmans or la c r im a n s . In 
t h i s  t h e s i s  ' lacrvm ans' w i l l  be used because th e  o r ig i n a l  
s p e l l in g  by Wulfen (1781) was lacrvm ans. F r ie s  (1821) 
c o r r e c te d  th e s p e l l in g  to  7la c r im a n s ' because he was a L a tin  
s c h o la r  but A r t i c l e  7 3 .1  o f  th e  I n te r n a t io n a l  Code of
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B o t a n ic a l  N om en cla tu re  (1988) s t a t e s  ' t h e  o r i g i n a l  s p e l l i n g
o f  a name or e p it h e t  i s  to  be r e ta in e d ,  except fo r  the 
c o r r e c t io n  o f  typ o graph ic  or o rth ograp h ic  e r r o r s '  (P eg ler , 
19 9 1) .
1 .2 .3  D i s t r i b u t i o n .
S . lacrymans i s  common in  most coo l tem perate re g io n s  o f 
th e  w orld, w ith  th e  n o ta b le  ex ce p tio n  o f  the USA where i t  i s  
r a r e  and th e  n ich e  i s  occupied  by P oria  in c r a s s a t a  
(C artw right & F in d lay , 1958). The r e s t r i c t i o n  to  tem perate 
re g io n s  i s  u s u a l ly  ex p la in e d  by i t s  s e n s i t i v i t y  to  heat 
s in c e  i t  cannot s u rv iv e  g r e a t  tem perature v a r i a t i o n .  S . 
lacrymans i s  u s u a l ly  con sid ered  to  be a fungus which i s  
found e x c l u s i v e l y  w ith in  tim ber b u i ld in g s .  Workers in 
Denmark (Bech-Andersen, 1985; Koch, 1991) and A u s t r a l ia  
(Thornton & C o l l e t t ,  1983) have noted th a t  th e  fungus 
u s u a l ly  grows in  tim ber in  c lo s e  a s s o c ia t io n  w ith  a calcium  
source e . g .  m ortar. However, between 1929 and 1952 i t  was 
re p o rte d  growing in  the w i ld  on c o n ife ro u s  stumps and lo g s  
a t  5 d i f f e r e n t  lo c a t io n s  in  the Himalayas, a t  a l t i t u d e s  
between 2400 - 3155m (Bagchee, 1954). Expert i d e n t i f i c a t i o n  
e s t a b l i s h e d  th a t  th e se  specimens were S . lacrymans and not 
th e  c l o s e l y  r e la t e d  Serpula  h im a n tio id e s , which i s  u s u a l ly  
s t a t e d  to  be the member o f  the genus a s s o c ia te d  w ith  growth 
in  th e  w i ld .  Harmsen (1960) con sid ered  th a t  S . lacrymans may 
be viewed as n a t iv e  to  s u b - t r o p ic a l  mountain f o r e s t s  at h igh  
e le v a t io n  and indigenous to  the C a l i f o r n ia  mountains in  the 
USA. A re p o rt  o f  S. lacrymans growing outw ith  b u ild in g s  has 
a ls o  come from C ze ch slo v a k ia  (Soukup, 1979) where i t  was 
growing on the trunk bases o f two l i v i n g  t r e e s  o f Norway 
spruce in  th e  B otanic  Gardens near Prague.
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1 . 2 . 4  Growth c h a r a c t e r i s t i c s .
S . lacrvmans grows between 3°C and 25°C w ith  an optimum 
a t  22°C (Langvad & Goksoyr, 1965) . I f  i t  i s  exposed fo r  60 
minutes to  a tem perature o f  40°C i t  i s  k i l l e d  (Falck , 1906) 
which i s  p o s s ib ly  a reason why S. lacrvmans i s  absent from 
outdoor b u i ld in g  tim ber, s in c e  s u n lig h t  can r a i s e  wood 
tem peratures in to  th e  l e t h a l  range fo r  S. lacrym an s. I t  can 
grow 5 - 6mm per day ( r a d ia l  i n c r e a s e ) , a t  i t s  optimum 
tem perature, on an agar p l a t e .  However, i t s  growth r a t e  in  
b u i ld in g s  i s  d i f f i c u l t  to  d e f in e  as i t  i s  a f f e c t e d  by 
com plexly in t e r l in k e d  f a c t o r s ,  e . g .  m oisture l e v e l s  w ith in  
th e wood, th e  r e l a t i v e  humidity (RH) of the surrounding a i r ,  
tem peratures and degree o f  v e n t i l a t i o n .  Over a p e r io d  o f  50 
days, when the a i r  tem perature v a r ie d  between 3°C and 5°C, 
the r a d i a l  increment of S . lacrvmans was observed to  be 2.25 
mm per day, which would re p re se n t  approxim ately  0.75 m in  a 
y e a r  (Coggins, 1976).
Favourable c o n d it io n s  in  a b u i ld in g  fo r  growth of 
mycelium a re  high RH, s ta g n a t io n  o f a i r  c u r re n ts  and low 
l i g h t  l e v e l s .  The mycelium stops growing i f  exposed to  
draughts which reduce the RH of th e  atmosphere. A RH of 
>93.5% was re q u ire d  fo r  growth a t  a wood m oisture content o f  
>22% (Doi, Sato & Arima, 1982) but Brown, Fahim & Hutchinson 
(1968) showed th a t  the fungus i s  capab le  of growing in to  
wood b lo ck s  and causin g  w eight lo s s  a t  90% RH but not a t  82% 
RH. In 1885 H a rtig  noted th a t  the fungus d ie s  a f t e r  only  10 
minutes i f  exposed to  a i r  o f  medium RH.
The a c t i v i t i e s  of S . lacrvmans r e s u l t  in  th e  l ig n i n  o f 
in f e c t e d  wood becoming crumbly and dry to  th e  touch but the 
term 'd ry  r o t '  does not in d ic a t e  th a t  growth o f th e  fungus 
ta k e s  p la c e  in  the absence of m oistu re . However, whereas the 
2 wet r o t  fu n gi mentioned in  s e c t io n  1 . 2 . 1  only  s t a r t  to  
c o lo n is e  wood a t  f i b r e  s a tu r a t io n  p o in t  (c. 26%),
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lacrymans can c o lo n is e  and b egin  to  decay tim ber w ith  a 
m oisture con ten t o f  20%, a lth ou gh  the optimum m oisture 
content f o r  i t s  decay a c t i v i t i e s  i s  in  the range 30 - 40% 
(Coggins, 1980) .
P r io r  to  fun gal c o lo n is a t io n  wood has a pH in  th e  range
4.5 - 5 .5  but p rod uction  o f  o x a l i c  a c id  from th e hyphal t i p s  
o f  S. lacrymans renders th e  wood in  which i t  i s  growing 
h ig h ly  a c id ;  dry r o t te d  wood b ein g  approxim ately  pH 3.0 
(C artw right & F in d lay , 1958) . However, the drop in  pH during 
fu n gal growth does not appear to  r e ta r d  i t  and growth 
con tin ues v ig o r o u s ly  u n t i l  th e  n u tr ie n t  source  i s  exhausted 
(C artw right & F in d lay , 1958). There i s  ev id en ce th a t  the 
fungus may g r o s s ly  a f f e c t  th e  p r o p e r t ie s  o f  p l a s t e r  or 
mortar over which i t  i s  growing but t h i s  e f f e c t  i s  not 
im m ediately apparent in  normal dry r o t  i n f e s t a t i o n s .  The 
p rod u ction  o f a c id ic  d r o p le ts  o f  pH 3 - 4 a t  th e  hyphal t i p s  
(Coggins, 1977; Brownlee & Jennings, 1981) p la y  a p a rt  in  
p l a s t e r  and m ortar d e g en eratio n . Savory (1980) noted almost 
complete d e grad atio n  of th e  calcium  components o f p l a s t e r  
b lo c k s  a tta c h e d  to  p ie c e s  o f  wood which had been in o c u la te d  
w ith  S. lacrym an s. No c o n c lu s iv e  evidence has been p rese n ted  
which would in d ic a t e  whether th e  damage to  ca lciu m  
c o n ta in in g  m a te r ia ls  i s  m e t a b o l ic a l ly  e s s e n t i a l  to  c r e a te  an 
optimum pH in  the micro-environment fo r  growth; or, whether 
th e  damage i s  in c id e n t a l  and concomitant w ith  the normal 
m etab o lic  fu n c t io n  of o x a l i c  a c id  e x c r e t io n .  Bech-Andersen 
(1985) noted th a t  dry ro t  a t t a c k s  in  Copenhagen were never 
more than 1 m away from a source o f calcium . He has argued 
th a t  S. lacrymans i s  found c lo s e  to  sources o f  calcium  in 
order to  n e u t r a l i s e  the v e ry  a c id  co n d it io n s  gen erated  as a 
r e s u l t  o f  th e  p rod uction  o f o x a l i c  a c id  and, th ere b y , c r e a t e  
an optimum pH in  th e environment fo r  growth. In p o s s ib le  
support o f  t h i s  i s  th e  o b se rv a tio n  of c r y s t a l s  o f  calcium
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o x a la te  on c e r t a i n  hyphae and stran d s o f  S. lacrymans (Nuss, 
Jennings & Veltkamp, 199 1).
1 . 2 . 5  Economic im portance.
The economic importance o f  S. lacrymans i s  con fin e d  to  
i t s  e f f e c t s  upon man's timber c o n s tr u c t io n s .  In the UK, 
b e fo r e  the second w orld war, i t  c o lo n is e d  oak and o th er 
n a t iv e  hardwoods which were then commonly used fo r  b u ild in g  
purposes. D e c lin in g  s to c k s ,  and con com itan tly  in c r e a s in g  
c o s t s ,  o f  t h i s  typ e  o f  timber have meant th a t  c o n ife ro u s  
tim bers are  used r o u t in e ly  now f o r  b u ild in g  purposes so i t  
i s  more u sual nowadays to  f in d  an outbreak in  softwood 
tim ber. In s id e  b u i ld in g s  i t  has c a t h o l i c  t a s t e s ,  not only 
e x p l o i t i n g  wood but a ls o  damp paper, cardboard and oth er 
c e l l u l o s e  c o n ta in in g  m a te r ia ls .  Another important a sp e ct  of 
i t s  su ccess  as a p e s t  o f  b u ild in g s  i s  i t s  a b i l i t y  to  spread 
through n o n -n u tr ie n t  m a te r ia ls ,  such as p l a s t e r  and 
brickw ork, which in te rv e n e  between n u tr ie n t  so u rce s .
Today, S . lacrymans causes m i l l io n s  o f pounds worth o f 
damage an n u ally  worldwide. For example, in  the UK the 
estim ate d  c o s t  o f  r e c t i f y i n g  damage caused by S . lacrymans 
i s  a t  l e a s t  £150 m i l l io n  per annum (Jennings & B ravery,
19 9 1); in  Norway i t  was c a lc u la t e d  th a t  the organism 
an n u a lly  caused fo u r  times as much damage as f i r e s  (Coggins,
1980); and, on a sm a ller  s c a le ,  in  1988 an outbreak in  
Dundee caused £15,000 worth o f  damage to  a b u i ld in g  whose 
c o n s tr u c t io n  c o s ts  had been £9,000 only e ig h t  y e a r s  
p r e v io u s ly  (Mr. F.G. A lla n , p e rso n a l communication).
1 .2 .6  I n i t i a l  in f e c t i o n  o f  b u i ld in g  t im b e r .
S . lacrymans e n te rs  a b u i ld in g  by a e r i a l  d i s p e r s a l  of 
spores ( b a s id io s p o r e s ) from an in f e c t e d  s i t e .  They do not 
germ inate on dry wood but on ly  on tim ber which i s
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s u f f i c i e n t l y  w et. Spores a re  approxim ately 9 .7  |am in  len g th  
and 5.4 (am in  bread th  (Falck , 1912) w ith  a t h ic k  brown w a ll  
which has a th in  p o r t io n  c a l l e d  th e a p ic u lu s .
U l t r a s t r u c t u r a l  s tu d ie s  (Hegarty & Schmidt, 1988) on mature 
spores have in d ic a te d  th a t  approxim ately  40% co n ta in  a 
s i n g le  nucleus in  cytoplasm  c o n s is t in g  o f v a c u o le s ,  
m itochondria  and endoplasmic re ticu lu m . The rem aining spores 
g e n e r a l ly  la c k  a n ucleus and c o n s is t  o f  v a cu o le s  f i l l e d  w ith  
l i p i d - l i k e  m a t e r ia l .  During germ ination the germ tube grows 
out o f  the a p ic u lu s .  The r e s u l t i n g  primary mycelium i s  
composed o f monokaryotic hyphae w ith  a diam eter o f  1 - 1 .5  
|am and no clamp co n n e ctio n s. This mycelium can grow e i t h e r  
on or w ith in  the timber and norm ally n e i th e r  spore 
germ ination nor th e  r e s u l t in g  monokaryotic mycelium on 
tim ber i s  v i s i b l e  to  the naked eye.
The f i r s t  v i s i b l e  s ig n s  o f  th e  dry ro t  fungus are  w hite 
p atch es  o f secondary mycelium which r e s u l t  from the 
c o n fr o n ta t io n  o f  two monokaryotic m yce lia .  The change from 
m onokaryotic to  d ik a r y o t ic  mycelium i s  m o rp h o lo g ica lly  
c h a r a c t e r is e d  by an in c r e a s e  in  hyphal diam eter to  
approxim ately  6 |0m) (Falck, 1912) and the form ation of 
clamp co n n e ctio n s.
A second mode o f  i n f e c t i o n  has im p lic a t io n s  f o r  b u ild in g  
rem edial work; i f  f r e s h  wood i s  p la c e d  a g a in st  b u ild in g  
m a te r ia l  (wood, p l a s t e r  or brickwork) which i s  in f e c t e d  w ith  
S . lacrymans i t  can become c o lo n is e d  w ith  d ik a r y o t ic  
mycelium and a f r e s h  ' f l u s h '  o f  m y c e l ia l  growth i s  
i n i t i a t e d .
The le a d in g  edge o f the mycelium c o n t in u a l ly  grows from 
the p o in t  o f  in o c u la t io n  and s im u ltan eously  e x p l o i t s  the 
s u b s t r a t e .  Once e s t a b l i s h e d  in s id e  a b u ild in g  th e  mycelium 
d is p la y s  an a d a p ta tio n  which i s  p ossessed  by no o th er  
B asid iom ycete and which enables i t  to  invade a p o t e n t i a l l y
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x e r o p h y t ic  environment w ith  a lower w ater con ten t than the 
optimum re q u ire d  fo r  growth. This i s  p o s s ib le  because the 
mycelium i s  known to  r o u t in e ly  tra n sp o rt  m etab o lic  w ater 
forward in  a t r a n s lo c a t io n  stream to  the in vadin g m y c e l ia l  
t i p  (Jennings, 1984), a t  h igh  RH the m etab o lic  w ater can 
appear as d r o p le ts  on the s u r fa c e  mycelium, and i t  may be 
th a t  unobserved exudation o f  m etab o lic  w ater can modify a 
dry environment s u f f i c i e n t l y  fo r  growth to  occu r. 
I n t e r e s t i n g l y ,  th e  d e r iv a t io n  o f  the e p ith e t  ' lacrym ans ' 
comes from the L a tin  ' l a c r i m a ' ,  a t e a r ;  and Serpula  i s  
s i m i l a r l y  d e r iv e d  from the L a t in  ' s e r p e r e ' ,  to  creep  or 
wind, which i s  d e s c r ip t iv e  o f  th e  mode o f growth o f the 
mycelium through the s u b s tr a te .
1 .2 .7  Morphogenesis o f  the mycelium.
Morphogenesis can be d e fin e d  as the development o f an 
organism to  a p a r t i c u l a r  fu n c t io n a l  form, which im p lies  
d i f f e r e n t i a t i o n  o f  c e l l s  in to  typ es  d i f f e r i n g  in  t h e i r  
shape, s i z e ,  s t r u c t u r e  and chem ical com position (Turian, 
1983). The m orphological development o f the s u r fa c e  mycelium 
o f  S. lacrymans from an inoculum has been d e s c r ib e d  by 
Hornung & Jennings (1981) and was sep arated  in to  4 s ta g e s ,  
w ith in  which 5 hyphal ty p e s ,  some p rese n t in  more than one 
s ta g e ,  were i d e n t i f i e d  by l i g h t  and e le c tr o n  m ic ro s c o p ica l  
s t u d ie s .  These s ta g e s  o f growth are  Stage I which 
corresponds to  th e  u n d i f f e r e n t ia t e d  outgrowth from the 
inoculum; Stage I I  i s  when th e r e  i s  a w hite  f u r - l i k e  
mycelium on th e  s u b s tr a te ;  Stage I I I  i s  when fu r th e r  
outgrowth i s  in h ib i t e d  and s y r r o t i a  (strands) s t a r t  to  
become v i s i b l e ;  and Stage IV i s  when the i s o l a t e d  s y r r o t i a  
are  m a c ro s c o p ic a l ly  f r e e  from the r e s t  of the co lo n y . S . 
lacrymans produces 2 m o rp h o lo g ica lly  and p h y s i o l o g i c a l l y  
d i f f e r e n t  ty p e s  o f  u n d i f fe r e n t ia t e d  mycelium; one o f  which
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produces stran ds and th e  o th e r , t e r t i a r y  mycelium, produces 
f r u i t  b od ies  (Nuss, Jennings & Veltkamp, 19 9 1) .  The stran d  
forming typ e  has been e x t e n s iv e ly  in v e s t ig a t e d  (Hornung & 
Jennings, 1981) s in c e  th e  component hyphal typ e  i s  found in 
a l l  m orphological s ta g e s  o f  th e  mycelium and i s  the 
p re c u rso r  o f  the 4 d i f f e r e n t i a t e d  typ es  o f  hypha, v i z  main, 
t e n d r i l ,  f i b r e  and v e s s e l  hyphae.
1 .2 .8  Stage I mycelium.
Hyphae in  Stage I a re  u n d i f fe r e n t ia t e d  and grow 
p e r p e n d ic u la r ly  away from th e s u b s tr a te  in  bundles p r io r  to  
c o l la p s in g .  Contact o f  a bundle w ith  a s o l i d  o b je c t  lead s to  
continued growth (Falck, 19 12 ) .  Some o f th e se  hyphae produce 
c r y s t a l s  o f  ca lc ium  o x a la t e .
1 .2 .9  Stage I I  mycelium.
Stage I I  in c lu d e s  th e  growing margin of th e  colony and 
t h e r e fo r e  re p re s e n ts  2 fu n c t io n a l  re g io n s ,  i . e .  the young 
a c t i v e l y  growing a b s o r b t iv e  margin behind which i s  o ld e r  
mycelium where in c r e a s in g  v a c u o la t io n  o f  c e l l  con ten ts  
o ccu rs . The growing margin i s  composed o f main hyphae and 
t e n d r i l  hyphae whose j o i n t  fu n ctio n s  a re , f i r s t l y ,  
e x p l o i t a t io n  o f  the environment by prod uction  o f  s u b s tr a te  
degrading enzymes; and, secon d ly , forward growth by 
ex te n s io n  o f  the m y c e l ia l  t i p .  Fungi whose s o le  n u tr ie n t  
source i s  wood need to  be e f f i c i e n t  a t  e x t r a c t in g ,  
c o n c e n tra t in g  and con serv in g  n itr o g e n  (Levi & Cowling,
1969) . The young mycelium o f  S. lacrvmans i s  a b le  to  e x t r a c t  
the n itr o g e n  in  wood and co n ce n tra te  i t  (Watkinson, 198 4a). 
As a c o n s e rv a tio n  measure, n itrogen ou s fun gal m a te r ia l  i s  
degraded in  th e  o ld e r  mycelium, p r io r  to  the re tu rn  o f  the 
n itr o g e n  in  th e  t r a n s lo c a t io n  stream to  the growing reg io n  
o f  the mycelium fo r  r e - u s e  (Watkinson, 1975). In support of
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the a u t o l y s i s  o f  o ld  mycelium i s  the d i f f i c u l t y  o f  f in d in g  
any hyphae on th orou gh ly  decayed wood.
1 .2 .1 0  Stage I I I  s t r a n d .
Stage I I I  in  the development o f  the mycelium re p re s e n ts  
a s ta g e  o f  d i f f e r e n t i a t i o n  which i s  a s s o c ia t e d  w ith  th e 
appearance o f s tra n d s .  This i s  a m orphological s ta g e  which 
i s  v i s u a l l y  d i s t i n c t  from Stages I and I I ,  i s  c h a r a c t e r i s t i c  
o f  many B asid iom ycetes and i s  accompanied by changes in  the 
p a t te r n  o f  enzyme p r o te in s  (Wong & W i l l e t s ,  1973) and 
a c t i v i t i e s  (Chet, R e t ig  & Henis, 1972). The e a r ly  
development o f  stran d s was d e sc r ib e d  by B u t le r  (1957, 1958). 
They are  a composite o f  3 m y c e l ia l  typ es  and are  i n i t i a t e d  
approxim ately  1 cm behind th e colony margin in  a p ro ce ss  in  
which th e wide main, empty lo o k in g  v e s s e l  hyphae s t a r t  to  
become ensheathed by t h ic k  w a lle d , occluded, impermeable 
f i b r e  hyphae. Both o f th e se  are  bound to g e th e r  w ith  narrower 
m e t a b o l ic a l ly  a c t i v e  t e n d r i l  hyphae which r e s u l t s  in  
adhesion between the 3 hyphal typ es  (Hornung & Jennings,
1981) which i s  p o s s ib ly  a id ed  by impermeable, ex tra -h y p h a l 
f i b r i l l a r  m a te r ia l  between them (Jennings & Watkinson,
19 8 2 )  . At t h i s  e a r ly  s ta g e  in  stran d  form ation (Stage I I I )  
th e re  i s  much Stage I I  mycelium between the s y r r o t i a .
1 . 2 . 1 1  Strand i n i t i a t i o n .
Strand m a te r ia l  can be formed behind the m y c e l ia l  margin 
when growth o f  the mycelium i s  in h ib i t e d .  I t  can be 
i n i t i a t e d  in  th e  la b o r a to r y  by growth over a s t a le d  or t o x ic  
medium; by growth from a food base through n o n -n u trien t  
medium; or by c o n ta ct  o f  th e  hyphal margin w ith  a f r e s h  food 
base (B u tle r ,  1958). Watkinson (1971a) found th a t  stran d  
form ation in  S. lacrymans i s  in c re a se d  by a n i t r a t e  
c o n ta in in g  medium.
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A two f o l d  fu n c tio n  i s  en visaged  fo r  s tra n d s. F i r s t l y ,  
th e  form ation o f  impermeable stran ds from th e permeable 
s ta g e  I I  mycelium i s  p o s s ib ly  a means o f  con servin g  
n itr o g e n .  In support o f  t h i s ,  Watkinson (1975) noted leak age  
o f  n itrogen ou s m a te r ia l  from a u to ly s in g  s ta g e  I I  mycelium 
and found th a t  t h is  leak age  was p a r t l y  r e s p o n s ib le  fo r  
stran d  i n i t i a t i o n .  A u t o ly s is  o f  o ld  mycelium may be 
concomitant w ith  in c re a se d  p e r m e a b il ity  o f  th e  hyphal w a l l  
and lo s s  o f  e s s e n t i a l  n itrogen o u s m a te r ia l  from th e co lo n y . 
Secondly, s in c e  stran ds fu n c t io n  in  t r a n s lo c a t io n  o f  s o lu b le  
m e ta b o lite s  (Watkinson, 1971b) they might a id  in  r e c y c l in g  
n itr o g e n  by a c t in g  as a con n ection  between a u to ly s in g  
mycelium on an exhausted s u b s tr a te  and mycelium on a 
secondary s u b s tr a te  which i s  undergoing c o lo n is a t io n  
(Watkinson, 1975) .
1 .2 .1 2  Stage IV s t r a n d .
During the ageing p ro c e ss  the p rod uction  o f slim e 
proceeds a t  the expense o f  t e n d r i l  hyphae which con tin ue  to  
e x c r e te  calcium  o x a la te  c r y s t a l s  in  the stran d  p e r ip h e ry .  An 
in c r e a s in g  number o f  hyphae c o l la p s e  w ith in  the stran d  and 
form lo n g it u d in a l ,  hollow  channels o f  approxim ately  2 5 |Lim in  
diam eter which are  embedded in  m atrix  m a te r ia l  (Jennings & 
Watkinson, 1982). In the f i e l d  s i t u a t io n  t h ic k  w a lle d  stran d  
m a te r ia l  i s  formed which a c ts  as a l in k  to  conduct food and 
w ater to  the c o lo n is in g  mycelium from th e reg io n s  o f  
s u b s tr a te  u t i l i s a t i o n .  This enables the m y c e l ia l  form o f  the 
fungus to  t r a v e r s e  b a r r i e r s ,  such as b r ic k s  and m ortar, so 
th a t  new tim ber may be c o lo n is e d  w h i ls t  the e s t a b l i s h e d  
mycelium i s  s t i l l  w ith in  an e x p lo i t a b le  tim ber s u b s tr a te .
The a d a p tiv e  advantage o f  stran d s may be th a t  th ey  are  the 
most e f f i c i e n t  means of supportin g  m y c e lia l  advance from a
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d is t a n t  food base (Watkinson, 1979). A mature stran d  may be 
up to  1 cm in  diam eter and may reach  a le n g th  o f  4 m.
1 .2 .1 3  F r u it  body fo rm a tio n .
F r u it  body (b a s id io c a r p , sporophore) form ation r a r e l y  
occurs spontaneously  in  the la b o r a to r y  but in  th e  f i e l d  i t  
t y p i c a l l y  occurs when food m a te r ia l  i s  exhausted. They can 
form a l l  th e  y e a r  round but under f i e l d  c o n d it io n s  the 
m a jo r ity  o f  f r u i t  b od ies  a re  produced in  sp rin g  and autumn. 
F r u it  bo d ies  u s u a l ly  form on a wood/wall j o i n t  and do not 
have any d i s t i n c t  shape and s i z e .  No s tu d ie s  have produced 
d e f i n i t i v e  in form ation  on the requirement o f  l i g h t  fo r  
f r u c t i f i c a t i o n  s in c e  the p r e c is e  in f lu e n c e  o f  l i g h t  or 
darkness i s  d i f f i c u l t  to  monitor under f i e l d  co n d it io n s  
(Hegarty, 19 9 1) .  Young f r u i t  bodies are  composed of 
i n t e r c e l l u l a r  spaces surrounding s t r a n d - l ik e  s t r u c t u r e s .  
These d i f f e r  from stran ds in  th a t  they  are composed o f only 
one typ e  o f  hypha which run p a r a l l e l  to  each o th er , have 
many clamp connections and are  bound to g e th e r  w ith  m ucilage 
( f e l t e d  hyphae) (Nuss, Jennings & Veltkamp, 19 9 1) .  At a 
l a t e r  s ta g e  the hymenium ( f r u i t  b e ar in g  la y e r )  s t a r t s  to  
d evelop . I t  i s  composed o f  v e r t i c a l  hyphae which e v e n tu a l ly  
produce b a s id ia  d i r e c t l y  exposed to  the atmosphere and 
b e a r in g  4 b a s id io s p o r e s . F a lck  (1913) estim ate d  th a t  a t  
m a tu rity  a f r u i t  body 100 cm2 can produce 50 m i l l io n  r u s ty -  
red spores in  10 minutes.
1 .2 .1 4  H i s t o r i c a l  r e c o r d s .
Given th e economic importance o f  S. lacrymans i t  i s  
h a rd ly  s u r p r is in g  th a t  a g r e a t  d eal has been documented 
h i s t o r i c a l l y  about t h is  fungus. I t  has been su ggested  th a t  
the dry r o t  o f  tim ber d e sc r ib e d  in  the B ib le  as ' le p r o s y  of 
house' ( L e v i t ic u s ,  Chapter 14) was caused by t h is  fungus but
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t h i s  i s  u n l i k e l y  s in c e  th e  average tem perature in  P a le s t in e  
i s  prob ab ly  too  h igh  fo r  th e  growth o f  S. lacrymans 
(C artw right & F in d lay , 1958). I t  can be assumed th a t  the 
a c t i v i t i e s  o f  S ♦ lacrvmans were behind a comment in  one o f 
F ra n cis  B acon 's  e ssa y s  (16 12 ), v i z  ' i t  i s  a reveren d th in g  
to  see an an c ie n t c a s t l e  or b u i ld in g  not in  d e c a y ' .
B r i t t o n  d e sc r ib e d  t h i s  fungus in  1875 as 'one o f  the 
most form idable  o f  the t r i b e  o f f u n g i ' ;  a v e ry  apt comment 
to  make i f  i t  were based on o b se rv a tio n s  o f the havoc 
wrought in  p re v io u s  y e a r s  by t h i s  fungus upon th e sh ips o f 
th e  Royal Navy. Two o f  th e  b e s t  accounts of S . lacrymans and 
i t s  e f f e c t s  between 1600 and 1863 upon naval ship  tim bers 
were w r i t t e n  by A lb io n  (1926) and Ramsbottom (1937) . Both 
accounts emphasise th a t  e s p e c i a l l y  during th e p e r io d  o f the 
Napoleonic wars from 1803 - 1815 sh ips were b u i l t  h a s t i l y  
and m ainly o f  'g r e e n ' (moist) unseasoned oak tim ber. As a 
r e s u l t  some tim bers s t a r t e d  to  decay even b e fo r e  th e  ships 
were launched and the p e r io d s  o f  id le n e s s  between 
in te r m it te n t  wars saw ships r o t t i n g  and s in k in g  a t  t h e i r  
anchors because o f  the ravages o f S . lacrvm ans.
Most n o ta b le  was the 'Queen C h a r lo t t e '  which was 
launched in  1810 at a c o s t  o f  £88,500 but which needed to  be 
r e p a ir e d  even b e fo r e  going to  sea . By 1816 the r e p a ir  b i l l  
had amounted to  more than her o r i g i n a l  co s t  and by 1859 the 
t o t a l  c o s t  o f  th e  r e p a ir s  was £287,837. Another d e s c r ip t io n  
from Ramsbottom (1937) which fu r th e r  i l l u s t r a t e s  the 
a c t i v i t i e s  o f  t h i s  fungus i s  'about 1789 th e re  was a ship in  
so bad a s t a t e  th a t  the deck sunk w ith  a man's w eight and 
the orange and brown colou red  fu n g i were hanging in  the 
shape o f  in v e r te d  cones from deck to  d e c k ' . A f t e r  1863 sh ips 
s t a r t e d  to  be co n s tru cte d  o f  ir o n  and the economic e f f e c t s  
o f  S. lacrymans upon the navy became n e g l i b l e .
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As a r e s u l t  o f  th e  e f f e c t s  o f  S . lacrvmans on sh ips  the 
Royal S o c ie ty  o f  A rts  o f f e r e d  p r iz e s  fo r  a cure fo r  dry r o t .  
Most s o lu t io n s  r e la t e d  to  land based tim ber usage, e . g .  
Batson (1794) and B r i t t o n  (1875), and im p lie s  th a t  the 
organism was w e l l  known as a p e st  o f  domestic tim ber even 
though th e r e  i s  no g e n e r a l ly  a v a i l a b l e  h i s t o r i c a l  account o f 
outbreaks o f  S. lacrymans in  domestic tim bers from 1863 
u n t i l  a f t e r  th e  f i r s t  w orld war. I t  seems p rob ab le  th a t  the 
f i r s t  outbreaks o f  dry r o t  in  domestic tim bers were caused 
by use o f  unseasoned tim ber and bad v e n t i l a t i o n .  A few 
in v e s t ig a t o r s  re co g n ise d  th e  l in k  between th e se  co n d it io n s  
and dry r o t  but t h e i r  a d v ic e  to  the e f f e c t  th a t  working 
p r a c t i c e s  should change was not heeded. S . lacrymans 
outbreaks became in c r e a s in g ly  common during, and a f t e r ,  the 
f i r s t  w orld war due to  n e g le c t  o f  upkeep, n ovel methods o f  
b u i ld in g  c o n s tr u c t io n  and use o f  unseasoned, e s p e c i a l l y  
c o n ife r o u s ,  tim ber.
A tta c k s  e s c a la t e d  d u rin g, and immediately a f t e r ,  the 
second w orld  war because many b u ild in g s  were l e f t  empty and 
exposed to  wet c o n d it io n s  a f t e r  se r io u s  a i r  r a id  damage 
(C artw right & F in d lay , 1958). So long as th e  woodwork in  a 
b u i ld in g  remains dry i t  w i l l  remain sound but tim ber decay 
i s  i n e v i t a b le  as soon as m oisture ga in s  a c c e ss  to  the 
tim ber. This  connection between environm ental co n d it io n s  and 
fun gal a c t i v i t y  i s  now w e l l  reco g n ised  but, in  s p i t e  o f  
t h i s ,  continued outbreaks o f  S. lacrvmans up to  the p re se n t 
time in d ic a t e  th a t  le sso n s  have not been f u l l y  le a r n t  
(Coggins, 1980) . New outbreaks nowadays are  p a r t l y  due to  
bad d e s ig n , use o f  unseasoned c o n ife ro u s  tim bers and bad 
maintenance; and p a r t l y  due to  bad ren o vation  fo l lo w in g  a 
p re v io u s  outbreak o f  S. lacrymans in  damp, badly  v e n t i l a t e d  
b u i l d i n g s .
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1 .2 . 1 5  H isto ry  of m orphological s t u d i e s .
A p r e c i s e  m acroscop ica l d e s c r ip t io n  o f th e  development 
and morphology of S ♦ lacrymans was g iv en  by Accum in  1827 
(Buhler, 1845). From then u n t i l  1912 many c o n tr ib u t io n s  were 
made, p a r t i c u l a r l y  by German s c i e n t i s t s ,  to  the 
m orphological knowledge o f  S. lacrym ans. These in clu d ed  2 
n o ta b le  monographs; the e x c e l le n t  m ic ro s c o p is t  H a rtig  (1885) 
p u b lish e d  what i s  acknowleged to  be the f i r s t  fundamental 
s c i e n t i f i c  monograph on S . lacrymans and t h is  was fo llo w e d  
by th a t  o f  F a lck  (1912) on the p h y s io lo g y ,  morphology and 
germ ination  o f  the fungus. Many m orphological s tu d ie s  
fo llo w e d , in c lu d in g  B u t l e r ' s  in v e s t ig a t io n s  on stran ds 
(1957, 1958). Recent e le c tr o n  m ic ro s c o p ica l  work has 
e lu c id a t e d  th e  hyphal makeup of mycelium and stran d  (Hornung 
& Jennings, 1981) and f r u i t  body (Nuss, Jennings & Veltkamp, 
1991) .
1 .2 .1 6  Recent p h y s io lo g ic a l  s t u d i e s .
The p h y s io lo g y  o f th e  organism has been e x t e n s iv e ly  
s tu d ie d . Recent in v e s t ig a t i o n s  have been made in to  s t r a in  
c h a r a c t e r i s t i c s  (Abou-Heilah & Hutchinson, 1978; Wazny & 
Thornton, 1991) and the wood r o t t i n g  a b i l i t i e s  of s t r a in s  
( D i l l e r  Sc Koch, 1959; Thornton, 1985); comparisons between 
dikaryons and monokaryons ( E l l i o t t  e t  a l . ,  1979) and between 
growth r a t e s  and decay a b i l i t y  (Bravery & Grant, 1985; 
Thornton & Wazny, 1986; Cymorek & H egarty, 1986; Thornton, 
1989); t r a n s lo c a t io n  (Watkinson, 1971b; Brownlee & Jennings, 
1982); w ater r e l a t i o n s  (Eamus & Jennings, 1986); p rod uction  
and lo c a t io n  of p r o te in a s e s  (Venables & Watkinson, 1989); 
and u t i l i s a t i o n  o f  s o i l  components (Doi & T ogashi, 1990).
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1 . 2 . 1 7  S tu d ies  on p re v e n tio n  and c u r e .
Dry r o t  should never develop in  a new b u i ld in g .
T h e re fo re  d esign  and maintenance o f  a new b u i ld in g  should 
aim a t  th e  e x c lu s io n  o f  a l l  e x te r n a l  m oisture s in c e  S . 
lacrymans can develop  in  any p a rt  where p e r s i s t e n t  leak age  
o f  w ater occurs and good b u ild in g  p r a c t i c e s  are o f  prime 
im portance in p re v e n tio n  o f dry r o t  o f  wood. This was 
re c o g n is e d  as long ago as 1794 when Batson recommended 
removal o f  e a r th  from th e base of damp w a l ls  in  which tim ber 
had decayed. B ranley  (1803) ad vised  u s in g  w e l l  seasoned 
tim ber and advocated adequate d ra in age  o f  the land round a 
b u i ld in g .  B r i t to n  (1875) provided  a summary o f  a d v ice  which 
i s  as a p p l ic a b le  today as i t  was then, v i z  'se ason  and 
v e n t i l a t e ' .  The l a t t e r  i s  e s p e c i a l l y  important in  areas  such 
as c e l l a r s  which are  a s s o c ia te d  w ith  dampness.
S . lacrymans i s  v e ry  s e n s i t i v e  to  a n t i s e p t i c s  and i t s  
growth i s  r e a d i l y  checked by com p arative ly  low 
c o n c e n tra t io n s  o f most wood p r e s e r v a t iv e s .  I n fe c te d  masonry 
can be t r e a t e d  by a p p l ic a t io n  o f  w ater-  or s o lv e n t - s o lu b le  
s o lu t io n s  o f chem ical p r e s e r v a t iv e s  e . g .  m ercuric c h lo r id e ,  
z in c  o x y c h lo r id e ,  sodium pentachlorophenate  or sodium 
orthophenylphenate (C artw right & F in d la y , 1958). Timber, 
e s p e c i a l l y  th a t  which i s  to  be used fo r  ground f l o o r  j o i s t s  
and w a l l  p l a t e s ,  should i d e a l l y  be p re ssu re  impregnated w ith  
p r e s e r v a t iv e s .  C reosote  and t a r  o i l s  have been used 
r o u t in e ly  fo r  th e se  purposes i f  th e  tim ber subsequently  does 
not have to  be p a in te d  and i f  i t  i s  not going to  be exposed 
to  f o o d s t u f f s ;  in  th e se  in s ta n ce s  e i t h e r  w ater- or s o lv e n t-  
s o lu b le  p r e s e r v a t iv e s  are  used, such as those p r e v io u s ly  
l i s t e d  fo r  the treatm ent o f  in f e c t e d  masonry.
There have been many papers p u b lish e d  r e l a t i n g  to  th e  
use o f  chem icals in  the p re v e n tio n  o f  wood decay by S . 
lacrym an s. These range from Batson (1794), who su ggested
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c o v e r in g  s o i l  w ith  anchor sm iths' ash es, to  more re c e n t  work 
on th e  p r e v e n ta t iv e  e f f e c t s  o f  c r e o s o te  o i l  (Doi, 1989); 
z in c  o x y c h lo r id e  (Coggins & Jennings, 1975); copper-chrome- 
a rs e n a te  (CCA) and sodium pentachlorophenate (Wazny & 
Thornton, 1986); 4 -ch lo ro p h en yl-3 -io d o p ro p a g ylfo rm a l and 
to lc lo fo s m e th y l  (Takahashi & Nishimoto, 1985) ; 
t r i b u t y I t i n o x i d e ,  4-bromo-2, 5-d ich lo ro ph en ol and 
ch loronaphthalene (Doi, 198 9 );.
1 .2 . 1 8  Novel a s p e c ts  o f  c o n t r o l .
L i t t l e  work has been i n i t i a t e d  in to  b i o l o g i c a l  c o n tr o l  
o f  S. lacrymans even though Bruce (1983) found th a t  the 
deuterom ycete fungus Triehoderma had the p o t e n t ia l  to  be 
in v e s t ig a t e d  as a b i o l o g i c a l  c o n tr o l  agent o f the organism. 
E l l i o t t  & Watkinson (1989) in v e s t ig a t e d  the e f f e c t  o f  an 
amino a c id  analogue a -a m in o - is o b u ty r ic  a c id  (AIB) on S . 
lacrym an s. AIB was found to  i n h i b i t  hyphal t i p  e x te n s io n  
growth and to  i n t e r f e r e  w ith  normal morphogenesis by 
in c r e a s in g  the frequency o f m y c e l ia l  branching; and i t  a ls o  
had a p r e s e r v a t iv e  e f f e c t  when impregnated in to  wood b lo c k s .  
L a te r  s tu d ie s  (Watkinson, 1984b) found th at  AIB was n e i th e r  
m eta b o lise d  nor in co rp o ra te d  in to  p r o t e in .  These s tu d ie s  
in d ic a t e  th a t  AIB has p o t e n t ia l  fo r  e i t h e r  wood p r e s e r v a t io n  
or c o n tr o l  o f  the e s t a b l i s h e d  organism.
1 .2 .1 9  Treatment o f in f e c t e d  b u i l d i n g s .
Primary measures in v o lv e  the lo c a t io n  and e l im in a t io n  of 
sources  o f  m oisture and the promotion o f  rap id  d ry in g  o f  the 
s t r u c t u r e  by in c r e a s e  o f v e n t i l a t i o n  and h e a tin g .  Secondary 
c o n tr o l  measures fo r  S. lacrymans in v o lv e  the removal o f  a l l  
r o t t e d  wood to  0.45 m beyond the l a s t  in d ic a t io n  o f  
in f e c t i o n  and th e use o f p r e s e r v a t iv e  t r e a te d  replacem ent 
tim bers (Bravery e t  a l . ,  1987). The secondary measures need
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not be so d r a s t i c  i f  m isd iagn o sis  has occurred, but 
o p e r a t iv e s  must always operate  on the s id e  o f c a u t io n  so 
th e r e  must be many in s ta n c e s  where too much rem edial a c t io n  
i s  taken to  th e  economic d isad van tage  o f  t h e i r  c l i e n t s .
Since S . lacrymans i s  s e n s i t i v e  to  high tem peratures a 
method which i s  in  th e  e a r ly  s ta g e s  o f  i n d u s t r i a l  assessment 
has been d e v ise d  to  heat t r e a t  in f e c t e d  b u ild in g s  (Koch, 
19 9 1) .  A f t e r  sources  o f m oisture have been e lim in a te d  the 
a f f e c t e d  p a r ts  o f  th e  b u ild in g  a re  heated a t  40°C f o r  24 
hours w ith  th e  aim of k i l l i n g  mycelium at th e  s u r fa c e  and 
w ith in  timber and masonry.
1 .2 .2 0  D e te ctio n  o f  S. lacrym ans.
O bservation  o f  e i t h e r  a f r u i t  body, mycelium or decayed 
wood may be th e  f i r s t  in d ic a t io n  o f  an outbreak o f  S . 
lacrym ans, by which time the s t r u c t u r a l  i n t e g r i t y  o f  the 
tim ber has been s e r io u s ly  compromised. Subsequent v i s u a l  
su rveys to  determ ine the ex te n t o f  the outbreak o fte n  
in v o lv e  d e s t r u c t i v e  exposure work behind timber 
c o n s tr u c t io n s .  V is u a l  in s p e c t io n s  are  r e l a t i v e l y  
u n s o p h is t ic a te d  and are aid ed  by th e  use of to r c h e s ,  hand 
m irro rs ,  endoscopes and f i b r e  o p t ic s  to  in s p e ct  
com p arative ly  in a c c e s s ib le  v o id s .  Subsequent m ic r o b io lo g ic a l  
exam ination o f  co re s  and m y c e l ia l  m a te r ia l  would confirm  the 
outbreak. However, such exam inations can be tim e consuming 
and are  r a r e l y  done by commercial o p e r a t iv e s  s in c e  by th ese  
s ta g e s  outbreaks a re  w e ll  e s t a b l i s h e d .
N o n -d e stru c t iv e  d e te c t io n  o f  decay i s  d e s ir a b le  on 
economic grounds and n o n -d e s tr u c t iv e  t e s t i n g  (NDT) methods 
a re  being e v a lu a te d  fo r  t h e i r  u s e fu ln e s s  in  th e  d e te c t io n  o f 
th e  fungus during th e e a r l i e r  s ta g e s  of i t s  development 
b e fo r e  gro ss  s t r u c t u r a l  damage has been done w ith in  a 
b u i ld in g .  NDT methods in c lu d e  th e use o f  s p e c i a l l y  t r a in e d
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s n i f f e r  dogs (Hutton & Rostron, G u ild fo rd , Surrey; Madsen & 
A d e lh o e j , 1989); and u l t r a - s o n i c s , Eddy c u r re n t ,  thermal 
em ission, X-ray a n a ly s is  and c o l l im a te d  photon s c a t t e r i n g  
(CPS) (Madsen & A d elh o ej, 1989): to  d ate , CPS and s n i f f e r  
dogs have promise fo r  NDT of wood fo r  S ♦ lacrymans (Koch, 
19 9 1) .
1 .2 .2 1  E arly  d e t e c t io n  o f S. lacrym ans.
I t  would be even more d e s ir a b le  on economic grounds to  
be a b le  to  d e te c t  S . lacrymans p r io r  to  any s t r u c t u r a l  
damage. At an e a r l y  s ta g e  o f  in f e c t i o n  the sm a lle r  mass of 
i n f e c t i v e  organism could  be t r e a t e d  more e f f i c i e n t l y  w ith  
th e  use o f  l e s s  d r a s t i c  rem edial treatm ent methods. This i s  
to  be d e s ir e d  not on ly  on the grounds o f the expense of 
rem edial treatm ent but a ls o  on s a f e t y  grounds. However, at 
an e a r ly  s ta g e  o f  decay the fu n gal organism i s  p re se n t  only 
in  v e ry  sm all amounts, i s  not i t s e l f  v i s i b l e  and does not 
produce g ro ss  v i s u a l  changes in  wood. D e te ctio n  o f  the 
i n f e c t i v e  organism at an e a r ly  s ta g e  of m orphological 
development poses c o n s id e ra b le  c h a lle n g e s  to  th e  t r a d i t i o n a l  
d e t e c t io n  methods c u r r e n t ly  used.
In rece n t y e a r s  the development o f  m olecular a n a lyses  
based on b ioch em ical and immunological techniques have 
f a c i l i t a t e d  the d e t e c t io n ,  i d e n t i f i c a t i o n  and a ssa y  o f  an 
enormous range o f  b i o l o g i c a l  macromolecules and whole 
organism s. These methods can o f te n  operate  s u c c e s s f u l l y  even 
when the a n a ly te  o f i n t e r e s t  i s  p re se n t in  v e ry  sm all 
amounts w ith in  a sample.
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1 .3  M o lec u la r  a n a l y s i s .
1 . 3 . 1  P ro te in  e l e c t r o p h o r e s i s .
P ro te in  a n a ly se s  are  r o u t in e ly  c a r r ie d  out fo r  the 
d e t e c t io n  and i d e n t i f i c a t i o n  of m icro-organism s and f o r  the 
study o f  s p e c i f i c  p r o t e in s .  Two l in k e d  techniques a re  used 
fo r  t h i s  purpose; p o ly acry lam id e  g e l  e le c tr o p h o r e s is  (PAGE) 
and s i l v e r  s ta in in g ;  PAGE e l e c t r o p h o r e t i c a l l y  s e p a ra te s  the 
c o n s t i tu e n t  n a t iv e  p r o te in s  in  a sample and s i l v e r  s t a in in g  
v i s u a l i s e s  th e se  p r o t e in s .  When used in  combination w ith  
each o th er th e se  tech n iques can d e te c t  l e v e l s  o f  p r o t e in  in  
the nanogram range (Blum, B e ie r  & Gross, 1987). The 
p rod u ction  o f  e le c t r o p h o r e t ic  p a tte r n s  o f s o lu b le  p r o te in s  
e x t r a c t e d  from fun gal m ycelia  has been w id ely  used in  the 
i d e n t i f i c a t i o n  and c l a s s i f i c a t i o n  o f  fungal i s o l a t e s  
(C lare , 1963; Bent, 1967; and Hansen e t  a l . ,  1986).
The technique o f  se p a ra tio n  o f  n a t iv e  p r o te in s  by PAGE 
was in trod u ced  independently  by S l a t e r  (1965, 1969) and 
M argolis  & K enrick  (1967, 1968). Sodium d o d e cy lsu lp h ate  
p o ly acry lam id e  g e l  e le c tr o p h o r e s is  (SDS-PAGE) i s  a 
refinem ent o f PAGE. The sample whose p r o te in  content i s  to  
be an alysed  i s  heated p r io r  to  e le c tr o p h o r e s is  w ith  a b u f f e r  
( b o i l in g  mix) c o n ta in in g  m ercaptoethanol and sodium 
d o d e cy lsu lp h a te  (SDS). The SDS s o l u b i l i s e s  the p r o te in s  
w h i ls t  the m ercaptoethanol reduces d isu lp h id e  l in k a g e s  
between p r o te in  subunits  and r e le a s e s  them as monomers. The 
a d d it io n  o f SDS to  th e  acrylam ide m ixture in  the r e s o lv in g  
g e l  c r e a t e s  a den aturin g  g e l  which r e s u l t s  in  a subsequent 
se p a ra t io n  by e le c tr o p h o r e s is  th a t  i s  based on th e m olecular 
w eight o f  the monomers and not on the shape or charge o f  the 
n a t iv e  p r o t e in s .  S ince  the f i r s t  in v e s t ig a t io n s  which used 
the continuous b u f f e r  systems o f  Shapiro, V inuela  & M aizel 
(1967) and Weber & Osborn (1969) the technique o f SDS-PAGE
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has been co n tin u o u sly  developed to  p ro v id e  b e t t e r  s e p a ra tio n  
o f  p r o te in  subunits  w ith in  a s p e c i f ie d  m olecular w eight 
range. The Laemmli (1970) system re p re se n ts  one o f  th e  most 
common b u f f e r  systems used today. This  technique has been 
used in  mycology to  i d e n t i f y  a g g r e s s iv e  and n o n -a g g re ss iv e  
s t r a in s  o f  C. ulmi (Jeng & Hubbes, 1983) and to  i d e n t i f y  
d i f f e r e n t  sp e c ie s  o f  Phytophthora (Hansen e t  a l . ,  1986).
1 .3 .2  Immunological d e te c t io n  te c h n iq u e s .
These fe a tu r e  a wide range o f sim ple techniques based 
upon, and a s s o c ia te d  w ith , the development o f immunological 
r e a g e n ts .  There can be two d i f f e r e n t  aims in  the 
immunodetection o f  macromolecules. The f i r s t  i s  th e  need to  
q u a n t i t a t i v e l y  a s s e s s  an immunoreagent (e ith e r  antibody or 
an tigen ) and the second i s  the need to  in v e s t ig a t e  the 
m olecu lar n atu re , p u r i t y  and m olecular s i z e  o f  th e  a n tig e n  
i t s e l f .  Systems which q u a n t i t a t iv e l y  measure immunoreagents 
a re  g e n e r a l ly  c a l l e d  immunoassays w h i ls t  those which 
in v e s t ig a t e  the n a tu re  of the a n tig e n  are  tech n iq ues which 
f a l l  in to  the area  o f immunoanalysis.
These immunological tech n iques a re  based upon a n t ib o d ie s  
which are  g ly c o p r o te in s  produced by th e immune system of 
v e r t e b r a t e s  and ev o lv e d  p r im a r i ly  as a defence a g a in s t  
i n f e c t i o n .  They a re  produced when a m olecule, an a n tig e n , 
which i s  not i n t r i n s i c  to  the s p e c ie s  e n te rs  the a n im a l's  
body and s t im u la te s  B-lymphocytes to  produce a n t ib o d ie s .  
S ince  most complex m olecules w ith  m olecular w eigh ts  >5000 
D altons can be a n t ig e n ic  i t  i s  p o s s ib le  to  immunise animals 
w ith  an an tige n  o f  i n t e r e s t  and produce serum c o n ta in in g  
a n t ib o d ie s  (antiserum) a g a in s t  t h i s  a n tig e n . The antibody 
has b in d in g  s i t e s  which s p e c i f i c a l l y  re co g n is e  and bind to  
the a n t ig e n ic  m olecule  which induced i t s  p rod uction  and 
b in d in g  occurs even when the a n tig e n  i s  presen t in  v e ry  low
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amounts. This fu n c t io n  i s  e x p lo i t e d  by immunotechnologists 
in  t h e i r  use o f a n t ib o d ie s  as m olecu lar probes. Antibody 
based techn iques are  s u i t a b le  fo r  the d e te c t io n  o f  
macromolecules and are  extrem ely s e n s i t i v e .  Under optim al 
co n d it io n s  antibody based d e t e c t io n  systems can d e te c t  fewer 
than 1000 m olecules o f  a n tig e n  (R o it t ,  B r o s t o f f  & Male,
1985) which means th a t  immunodetection systems a re , fo r  
example, more s e n s i t i v e  a t  r e v e a l in g  the presen ce o f  
s p e c i f i c  p r o te in s  than SDS-PAGE/silver s ta in in g  tech n iq u e s. 
Such methods lend them selves to  th e  d e te c t io n  o f  th e  very  
low l e v e l s  o f  fu n gal biomass which are  p rese n t in  the e a r ly  
s ta g e s  of fun gal decay.
1 .3 .3  Immunoassays.
Immunoassay i s  w id ely  used in  m edical d ia g n o s is  o f  
fu n g a l r e la t e d  d is e a s e  ( S e e l ig e r ,  1982). Such techn iques 
have a ls o  been a p p lie d  to  the d eterm in ation  o f  p la n t  
p ath ogen ic  fun gi (Walcz e t  a l . ,  1985) and the e s t im a tio n  of 
fu n g a l biomass in  l e a f  l i t t e r  decom position s tu d ie s  
(Frankland et  a l . ,  198 1). Immunoassay systems fo r  the e a r ly  
d e t e c t io n  o f  Basid iom ycetes have been developed f o r  the 
brown ro t  fungi Lentinus le o id e u s  (Glancy e t  a l . ,  1989) and 
P. p la c e n ta  (Goodell & J e l l i s o n ,  1986) w h i ls t  th e  d e te c t io n  
o f  w hite  ro t  fu n gi such as C o rio lu s  v e r s i c o l o r  has a ls o  been 
d e sc r ib e d  (Palfreyman e t  a l . ,  1987).
One area  of immunoassay in v o lv e s  the use o f  a s o l id  
phase to g e th e r  w ith  enzyme-coupled re a g e n ts .  These assays 
e x p l o i t  the extrem ely  h igh  c a t a l y t i c  power of enzymes fo r  
th e  a m p li f i c a t io n  o f  the f i n a l  s ig n a l  p r io r  to  d e te c t io n  of 
th e  m olecules o f  i n t e r e s t .  S e n s i t i v i t i e s  can be in  the range
0 . 1  - 10 ng o f  th e  an tige n  depending on the system, although 
a u to ra d io g ra p h ic  and f lu o ro g r a p h ic  methods can be 10 - 100 
tim es more s e n s i t i v e  even than t h i s  ( S to t t ,  1989). Enzyme
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immunoassays have many o f the p r o p e r t ie s  of an id e a l  
immunoassay which should be v e r s a t i l e ,  ro b u st, sim ple to  
perform; and should use s t a b le  reag e n ts  econ om ically  and 
ach ie v e  a sim ple se p a ra tio n  o f  bound and f r e e  re a g e n ts  
(C atty  Sc Raykundalia, 1989) . V arious m o d if ic a t io n s  have been 
developed u s in g  enzyme l a b e l l e d  a n t ib o d ie s  and one technique 
i s  the enzym e-linked immunosorbent assay  (ELISA), so c a l l e d  
because one immunoreagent i s  absorbed to  a s o l i d  phase p r io r  
to  in cu b a tio n  w ith  the immunoreagent to  be q u a n t i f ie d  and 
the subsequent use o f the enzyme la b e l l e d  an tib od y.
A v a r i e t y  o f  s o l i d  phase s u r fa c e s  have been used s in ce  
th e  e a r l i e s t  t e s t s  which r e l i e d  on p l a s t i c  tu b e s . These have 
l a r g e l y  been re p la c e d  by p l a s t i c  m ic r o t i t r e  p l a t e s  and 
re ce n t  m o d if ic a t io n s  in c lu d e  s o l i d  phase r e a c t io n s  on m icro­
pegs, dip s t i c k s ,  beads and p r o te in  bin din g  membranes such 
as n i t r o c e l l u l o s e  or p o ly v in y l  d i f l u o r i d e .  One type o f  ELISA 
i s  the enzyme l a b e l l e d  a n t i - g lo b u l in  assay  ( in d ir e c t  ELISA) 
which in v o lv e s  a s o l i d  phase bound an tigen  w ith  which the 
antibody o f i n t e r e s t  i s  incubated  p r io r  to  d e te c t io n  by 
l a b e l l e d  a n t i - g l o b u l in .  When t h i s  in d ir e c t  ELISA i s  c a r r ie d  
out w ith  spots  (dots) o f  the a n tig e n  bound to  a p r o te in  
b in d in g  membrane i t  i s  u s u a l ly  c a l l e d  a dot b lo t  (or dot 
ELISA, dot immunobinding or immunodot) assay .
The dot b l o t  assay  was developed by Towbin & Gordon
(1984) and, s in c e  i t  can p ro v id e  b a s ic  in form ation  on the 
a n t ig e n :a n t ib o d y  r e a c t io n  and can d e te c t  <10 ng/ml of 
antibody in  serum (C atty , 1988), i t  has p o t e n t ia l  fo r  
a s s e s s in g  th e t i t r e  o f  the d e s ir e d  antibody in  serum s in ce  
i t  p rov id e s  a r e l a t i v e l y  simple and quick  scre e n in g  
p ro ce d u re .
Page - 51
A major type o f immunoanalysis i s  w estern b l o t t i n g ,  
immunoblotting, which v i s u a l i s e s  a n t ig e n ic  p r o te in s  a f t e r  
th e  c o n s t i tu e n t  p r o te in s  in  a sample have been sep arated  by 
SDS-PAGE and e l e c t r o p h o r e t i c a l l y  t r a n s fe r r e d  to  a p r o te in  
b in d in g  membrane. This method o f  immunodetection a llow s 
c o n s t i tu e n t  p r o te in s  which c o n tr ib u te  to  the m olecular 
n atu re  o f the a n tig e n  to  be in v e s t ig a t e d  and determ ines the 
d i f f e r e n c e  between a n t ig e n ic  e p ito p e  not only by v i s u a l  
in t e r p r e t a t io n  but a ls o  by a more a c c u ra te  m olecu lar weight 
d e te rm in a t io n .
The techn ique was c h r is te n e d  w estern  b l o t t i n g  by 
B urn ette  (1981) but was i n i t i a t e d  in  1979 when Towbin, 
S ta e h e l in  & Gordon t r a n s fe r r e d  p r o te in s  e l e c t r o p h o r e t i c a l l y  
from p oly acry lam id e  g e ls  onto n i t r o c e l l u l o s e  membranes and 
probed th e a n t ig e n ic  p r o te in s  in  a s im i la r  manner to  th a t  
used in  the in d ir e c t  ELISA. S ince  then th e re  have been many 
developments in  the immunoblotting technique but the 
e s s e n t i a l  b a s ic s  remain the same. I t  has been used in  a 
g r e a t  v a r i e t y  o f  s tu d ie s  in c lu d in g , in  the f i e l d  of 
mycology, the i d e n t i f i c a t i o n  o f p la n t  pathogens such as 
Phytophthora s p e c ie s  (Hansen e t  a l . ,  1986) and the 
i d e n t i f i c a t i o n  o f  the A s p e r g i l lu s  fumigatus i s o l a t e s  
r e s p o n s ib le  fo r  in v a s iv e  a s p e r g i l l o s i s  in  humans (Burnie et  
a l . , 1989).
Western b l o t t i n g  i s  a h ig h ly  s e n s i t i v e  and 
d is c r im in a to r y  technique which has p o t e n t ia l  to  a llo w  
comparisons to  be made not only between d i f f e r e n t  i s o l a t e s  
o f  S. lacrym an s, which may d i f f e r  l i t t l e  from each o th er in  
terms o f  t h e i r  g e n e ra l  p r o te in  com position, but a ls o  to  
i n v e s t ig a t e  a n t ig e n ic  d i f f e r e n c e s  between S . lacrymans and 
o th er s p e c ie s  o f  fu n g i.
1 . 3 . 4  Im m u n o an a ly sis .
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1 .4  D e s c r ip t io n  and a im s o f  th e  p r o j e c t .
This p r o j e c t  was i n i t i a t e d  to  apply methods o f  m olecular 
a n a ly s is  to  th e  dry ro t  fun gal organism, S. lacrym ans. There 
i s  a need to  develop a ro u t in e  method o f  i d e n t i f y i n g  
in c ip ie n t  decay by S. lacrvm ans. The id e a l  method would meet 
s e v e r a l  c r i t e r i a ,  v i z  accuracy  in  i d e n t i f i c a t i o n ;  f a s t e r  
than cu rren t i d e n t i f i c a t i o n  methods which use 
m ic r o b io lo g ic a l  tech n iq u e s;  and s e n s i t i v e  enough to  d e te c t  
th e  decay organism at a sta g e  th a t  perm its rem edial 
treatm ent b e fo r e  la r g e  s c a le  damage and s tre n g th  lo s s e s  have 
occu rred . M olecular methods have th e p o t e n t ia l  to  f u l f i l l  
th e s e  c r i t e r i a .  I d e n t i f i c a t i o n  i s  dependent upon knowledge 
o f  the m olecular nature  o f  an organism so two c l o s e l y  
r e l a t e d  tech n iq u e s, biochem ical and immunological, were 
e v a lu a te d  fo r  t h e i r  a b i l i t y  to  c o n tr ib u te  to  an 
understanding o f  S. lacrymans in  la b o r a to r y  and f i e l d  
m a t e r i a l .
The s p e c i f i c  aims o f  the p r o j e c t  were
1 ) to  in v e s t ig a t e  the p r o te in ,  g ly c o p r o te in  and a n t ig e n ic  
n ature  o f i s o l a t e d  S. lacrymans and to  compare t h is  
organism w ith  o th er  wood decay B a sid io m y cetes;
2 ) to  in v e s t ig a t e  the e f f e c t s  o f  s u b s tr a te  and o th er  growth 
co n d it io n s  upon the p r o te in  and a n t ig e n ic  n ature  of 
i s o l a t e s  o f  S . lacrym ans;
3) to  develop m olecular probes f o r  S . lacrymans which could 
fu r th e r  the understanding o f S. lacrymans and;
4) to  i n i t i a t e  a comparison at th e  m olecular l e v e l  o f  
la b o r a to r y  and f i e l d  i s o l a t e s  o f  S. lacrym ans.
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CHAPTER 2 .  MATERIALS AND METHODS.
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SOURCE OF EQUIPMENT AND MATERIALS.
S u p p lie rs  o f  equipment and m a te r ia ls  are  l i s t e d  in  Appendix 
A (Al) and th e reag e n ts  re q u ire d  f o r  techniques mentioned in  
t h i s  ch apter a re  a ls o  l i s t e d  in  Appendix A (A2 - 32). In 
t h i s  chapter each p a rt  o f  Appendix A i s  mentioned when i t  i s  
f i r s t  r e le v a n t .
1 .  FUNGAL ISOLATES.
The 19 s t r a in s  o f  S . lacrvm ans, 22 a d d it io n a l  
B asid iom ycetes and 6 non-Basidiom ycetes which were used 
in  t h is  study a re  l i s t e d  in  T ab les  1 and 2. Sources o f 
the fun gi are  shown in  Table 3; each c o l l e c t i o n  i s  
rep re sen ted  by th e  a lp h a b e t ic  p r e f i x  in  th e  s t r a in  
number o f  each s p e c ie s .  DIT s t r a in s  were c u ltu r e d  from 
b a s id io c a rp  m a te r ia l  c o l l e c t e d  l o c a l l y .
2. CULTURE OF ORGANISMS.
2 .1  Temperature f o r  grow th.
A l l  S . lacrymans i s o l a t e s ,  C. p u te an a , P a x i l lu s  
p an u o id es, Daedalea q u e r c in a , and Serpula t i g n i c o l a  were 
c u ltu r e d  a t  22°C in  a co o led  in cu b ator  (Gallenkamp 
coo led  in c u b a t o r ) . A l l  o th er  fu n gal i s o l a t e s  were 
c u ltu r e d  at 25°C.
2.2 Routine maintenance o f fun gal organism s.
C u ltu re s  o f fu n gal i s o l a t e s  from the c u ltu r e  c o l l e c t i o n s  
were in o c u la te d  onto 5% (w/v) malt e x t r a c t  (ME) /2%
(w/v) p u r i f i e d  agar (5% ME/2% agar) (Appendix A, A2)
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T ab le  1 : s t r a i n  number, o r i g in a l  d a te  o f  i s o l a t i o n  and
p la c e  o f  i s o l a t i o n  o f th e  Seroula  lacrymans 
i s o l a t e s  used in  the study.
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T ab le  2 : F ungal o rg a n ism s u sed  in  th e  s tu d y .
BROWN ROT BASIDIOMYCETES♦
Amyloporia xantha (Fr) Bondartsev & S in ger ex 
S in ger
Coniophora puteana (Schumacher ex Fr) Karsten 
Daedalea qu ercin a  L ex Fr 
F ib ro p o r ia  v a i l l a n t i i  (DC ex Fr) Parm 
Gloephyllum sepiarium  (Wulf ex Fr) Karsten 
Gloeophyllum trabeum (Pers ex Fr) M u r r il l  
Lentinus lep id e u s  (Fr ex Fr) Fr 
M erulius tre m e llo su s  (Schrader) Fr 
P a x i l lu s  panuoides (Fr ex Fr) Fr 
Peniophora g ig a n te a  (Fr ex Fr) Massee 
P oria  in c r a s s a t a  (Berk & C u rt is )  Burt 
P oria  p la c e n ta  (Fr) Cooke sensu J. E riksson 
Serpula  h im an tio id es (Fr ex Fr) Karsten 
Serpula  lacrymans (W ulf:Fr.)  S ch roete r  apud 
Cohn
Serpula  p i n a s t r i  (Fr) Cooke 
Serpula t i g n i c o l a  (Harm) C h r is t ia n s
WHITE ROT BASIDIOMYCETES.
C o rio lu s  v e r s i c o l o r  (L ex Fr) Quelet 
D a ld in ia  c o n c e n tr ic a  (Bolt ex Fr) Ces & de 
Not
H eterobasid ion  annosum (Fr) B ref 
P leu ro tu s  o s tr e a tu s  (Jacq ex Fr) Kummer 
Schizophyllum  commune Fr
Stereum sanguinolenturn (Alb & Schw ex Fr) Fr
NON-BASIDIOMYCETES.
Cladosporium re s in a e  
P aecilio m yces  v a r i o t t i  
Trichoderma harzianum R i f a i  
Trichoderma lon gibrachiatum  R i f a i  
Trichoderma polysporum (Linx ex Persoon) 
R i f a i
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T ab le  3 : S o u rce  o f  fu n g a l i s o l a t e s  u se d  in  th e  s tu d y .
P r e f i x  to C u ltu re  source
i s o l a t e
BAM B und esanstalt  fu r  M ateria lp ru fu n g, 
Berlin-Dahlem , Germany.
BF Dr. B. Hegarty, Rohm & Haas France 
S .A . ,  Valbonne, France.
BM P ro fe s s o r  T. N ilsso n , Ultuna, Sweden.
CBS C en traalb ureau  voor Schim m elcultures, 
Baarn, The N eth erlan d s.
CMI, IMI CAB I n te r n a t io n a l  M yco log ica l 
I n s t i t u t e ,  Kew, U.K.
CSIRO Commonwealth S c i e n t i f i c  and 
I n d u s t r ia l  Research O rg a n isa t io n s , 
Melbourne, A u s t r a l i a .
DIT Dundee I n s t i t u t e  o f Technology, 
Dundee, U.K.
FPRL Department o f th e  Environment 
B u ild in g  Research E stablishm ent, 
Garston, U.K.
MAD F orest  Products L aboratory, Madison, 
W isconsin, U .S.A.
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s lo p e s  and in cubated  a t  the a p p ro p ria te  tem perature 
u n t i l  th e  agar s u r fa c e  was covered w ith  mycelium. Stock 
s lo p e s  were s to re d  in  the dark a t  4°C and su b cu ltu red  
ev ery  6 months.
A l l  fu n g i were c u ltu r e d  a t  the a p p ro p ria te  tem perature 
on 5% ME/2% agar p l a t e s  (Appendix A, A 2 ) . With the 
e x ce p tio n  o f  S. lacrymans a l l  in o c u la t io n  cores  were 
p la c e d  so th a t  the fungus was in  co n ta ct  w ith  th e  agar 
s u r f a c e .
2.3 Growth of mycelium fo r  a n a l y s i s .
8 d i f f e r e n t  methods o f  c u l t u r e  were used to  prepare 
mycelium fo r  a n a ly s is .
2 . 3 . 1  Agar grown mycelium.
Agar grown mycelium was prepared by in o c u la t io n  onto 5% 
ME/2% agar p l a t e s ,  c u ltu r e d  a t  th e  a p p ro p ria te  
tem perature u n t i l  the p l a t e  was 75% covered. 
Subsequently , e i t h e r  10 mm diam eter cores  were removed 
from th e  growing edge and used f o r  in o c u la t io n  purposes 
or the in o c u la t io n  core was d isca rd e d  and th e rem aining 
mycelium was scraped from the agar s u r fa c e  and s to re d  a t  
-20°C p r io r  to  f r e e z e  d ry in g  and a n a ly s is  as agar grown 
mycelium.
2 . 3 . 2  Standard mycelium.
Standard mycelium was prepared from a l l  the organisms in  
th e  stu d y. A core o f  th e  a p p ro p ria te  fungus was 
in o c u la te d  in to  5% (w/v) malt e x t r a c t  b ro th  (MEB) 
(Appendix A, A3) so th a t  the mycelium was uppermost a t  
the s u r fa c e  o f  th e  b ro th . The MEB p l a t e s  were incubated  
in  s t a t i c  c u l t u r e  u n t i l  approxim ately  75% o f  th e  b ro th  
s u r fa c e  was covered w ith  mycelium (approxim ately 10 days
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fo r  S . lacrymans FPRL 1 2C ) . H arvestin g  was by removal o f  
the m y c e l ia l  mats from th e b roth , e x c is io n  o f the 
o r i g i n a l  in o c u la t io n  co re , shaking w ith  500 ml o f u l t r a -  
pure (u-p) w ater and p a r t i a l  d ry in g  by vacuum 
f i l t r a t i o n .  The mycelium was washed w ith  a d d it io n a l  u-p 
w ater (500 ml) u n t i l  th e  f i l t r a t e  ran c l e a r .  Washed 
mycelium was c o l l e c t e d  in  round bottomed f la s k s  and 
s to re d  a t  -20°C p r io r  to  f r e e z e  d ry in g .
2 . 3 . 3  Young mycelium.
Young mycelium was prepared from agar grown fun gal 
i s o l a t e s  which 75% covered a p l a t e .  The p e r ip h e r a l  5 mm 
of such c u l t u r e s  were h a rv e ste d  by c a r e f u l l y  scra p in g  
the mycelium from the agar s u r fa c e .  Only S. lacrvm ans,
C. p u te an a , P. i n c r a s s a t a , P. p an u o id es, F. v a i l l a n t i i  
and C. v e r s i c o l o r  could  be h a rv e ste d  in  t h i s  manner. No 
washing s ta g e s  preceded th e  s to ra g e  o f t h i s  h a rv e ste d  
mycelium at -20°C p r io r  to  f r e e z e  d ry in g .
2 . 3 . 4  Aged mycelium.
Aged mycelium was prepared from agar grown fungal 
i s o l a t e s  which 75% covered a p l a t e .  The in o c u la t io n  core  
was d isca rd e d  and the 5 mm o f mycelium round the 
in o c u la t io n  area  was c a r e f u l l y  scraped o f f  th e  a gar .
Aged mycelium was prepared only from S. lacrvm ans, C . 
p u te an a , P.  in c r a s s a t a  and P. p an u o id es. The h a rv e ste d  
mycelium was s to re d  immediately a t  -20°C p r io r  to  f r e e z e  
d ry in g .
2 . 3 . 5  V a r ia t io n  in  c u l t u r a l  p aram e ters .
To i n v e s t ig a t e  th e  e f f e c t  o f  su b cu ltu re , age, u p l i f t  
p e r io d  and washing on mycelium 3 c o n s e c u tiv e  su b cu ltu re s  
o f  agar grown mycelium of S . lacrymans FPRL 12C were
Page -  60
made o v e r  t h e  c o u r s e  o f  a tw o  w eek  p e r i o d  and  u s e d  a t  0 
w e e k s , 2 and  6 m o n th s . S t o r a g e  o f  t h e  s u b c u l t u r e s  f o r  
u s e  a t  2 and  6 m on th s w as a t  4°C. S u b c u l t u r e s  w e r e  u s e d  
a s  d e t a i l e d  f o r  p r e p a r a t io n  o f  a g a r  grow n m y c e liu m  and  
s t a n d a r d  m y c e liu m  b u t  t h e  t im e  o f  h a r v e s t  w as a l t e r e d .  
I n o c u l a t i o n s  from  t h e  0 w eek  s u b c u l t u r e  w e r e  h a r v e s t e d  
a t  3 , 5 , 7 and  10 d a y s  ( t r i p l i c a t e  u p l i f t s ) .  A t 2 and  6 
m o n th s a f u r t h e r  s u b c u l t u r e  o n to  5% ME/2% a g a r  p r e c e d e d  
p r e p a r a t io n  o f  s ta n d a r d  and  a g a r  grow n m y c e liu m  w h ic h  
w as h a r v e s t e d  10 d a y s  a f t e r  i n o c u l a t i o n  ( t r i p l i c a t e  
u p l i f t s ) .
2 . 3 . 6  M y ce liu m  i n  lo w  n i t r o g e n  m edium .
N u t r i e n t  s o l u t i o n s  c o n t a i n i n g  d i f f e r e n t  c o n c e n t r a t i o n s  
o f  t o t a l  n i t r o g e n  (TN) w e r e  p r e p a r e d  from  m edium  
co m p o sed  s o l e l y  o f  S a b o u r a u d 's  l i q u i d  m edium  s u b s t i t u t e  
(A p p en d ix  A, A4) o r  S a b o u r a u d 's  l i q u i d  m edium  s u b s t i t u t e  
and  24.8%  (w /v ) m y c o lo g ic a l  p e p t o n e  (A p p en d ix  A, A 5 ) .
The f i n a l  c o n c e n t r a t i o n  o f  TN i n  e a c h  g r o w th  m edium  w as 
e q u i v a l e n t  t o  t h e  TN c o n t e n t  o f  5% MEB (2 .3 6 % ); t h e
maximum TN in  w ood (0 .1 2 7 % ); t h e  minimum am ount o f  TN in
w ood (0 .0 3 % ); and  0%. C o r e s  o f  S . la c r v m a n s  FPRL 12C 
w e r e  i n o c u l a t e d  i n t o  t h e s e  m ed ia  and  5% MEB, grow n and  
h a r v e s t e d  i n  t h e  m anner p r e v i o u s l y  d e s c r i b e d  f o r  
s t a n d a r d  m y c e liu m .
2 . 3 . 7  M y ce liu m  e x p o s e d  t o  40°C .
A gar p l a t e s  w h ic h  w e r e  75% c o v e r e d  w i t h  S . la c r v m a n s  
F P R L  12C w e r e  in c u b a t e d  a t  40°C f o r  0 , 1 , 4 ,  6 and  24 h .
A t t h e  en d  o f  t h e  i n c u b a t i o n  p e r i o d  a c o r e  w as c u t  from
t h e  g r o w in g  e d g e  and  s u b - c u l t u r e d  t o  t e s t  f o r  v i a b i l i t y .  
Young and  a g e d  m y c e liu m  w as h a r v e s t e d  from  t h e  r e m a in d e r  
o f  t h e  p l a t e  and s t o r e d  a t  -20°C  p r i o r  t o  f r e e z e  d r y in g .
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S . h i m a n t i o i d e s , optim um  g r o w th  t e m p e r a tu r e  34°C 
(S c h m id t , p e r s o n a l  c o m m u n ic a tio n )  w as s i m i l a r l y  c u l t u r e d  
and  h a r v e s t e d  a s  a c o n t r o l  o r g a n is m .
2 . 3 . 8  M y ce liu m  e x p o s e d  t o  o t h e r  f u n g a l  o r g a n is m s .
A gar p l a t e s  w e r e  i n o c u l a t e d  n e a r  o n e  e d g e  w i t h  S . 
la c r y m a n s  F P R L  12C an d  c u l t u r e d  u n t i l  t h e  p l a t e  w as 50% 
c o v e r e d  ( a p p r o x im a t e ly  7 d a y s ) . C o r e s  o f  T r ie h o d e r m a  
l o n g ib r a c h ia t u m , T. s a tu r n is p o r u m  o r  T. h a r z ia n u m  w e r e  
i n o c u l a t e d  a t  t h e  o p p o s i t e  e d g e  o f  t h e  p l a t e .  T h e se  
p l a t e s ,  and  p l a t e s  o f  S . la c r y m a n s  o n l y ,  w e r e  c u l t u r e d  
a t  22°C . Young and  a g e d  m y c e liu m  o f  S . la c r y m a n s  F P R L  
12C w as h a r v e s t e d  fro m  t h e s e  p l a t e s  a f t e r  0 , 1 and  2 
d a y s ,  p r e - c o n t a c t  o f  t h e  2 o r g a n is m s ;  a n d , a f t e r  c o n t a c t  
o f  t h e  2 o r g a n is m s ,  a t  3 , 4 and  7 d a y s .
2 .4  I n f e c t i o n  o f  w ood w i t h  S . la c r y m a n s  FPRL 12C .
2 . 4 . 1  P r e p a r a t io n  o f  w o o d .
Sapw ood fro m  S c o t s  p i n e  (P in u s  s y l v e s t r i s  L .)  and  
l im e  (T i l i a  v u l g a r i s  H ayne) w as c u t  i n t o  1 cm3 b lo c k s  
and  sa n d e d  t o  rem ove l o o s e  p i e c e s .  T h e s e  b lo c k s  w e r e  
n u m b ered , d r i e d  a t  103°C f o r  3 h u n t i l  t h e y  a c h ie v e d  
c o n s t a n t  w e ig h t  and  s t o r e d  i n  a d e s i c c a t o r  p r i o r  t o  
r e c o r d in g  o f  t h e i r  d r y  w e ig h t s  ( o r i g i n a l  d r y  w e i g h t ) .  
T hey w e r e  p u t  i n t o  a d e s i c c a t o r  an d  s t e r i l i s e d  w i t h  
e t h y l e n e  o x id e  g a s  (10 ml l i q u i d  e t h y l e n e  o x i d e / 1  o f  
d e s i c c a t o r  v o lu m e) f o r  24 h (S m ith , 1 9 6 5 ) . A s m a l l  
v o lu m e  o f  s t e r i l e  w a te r  w as a l s o  in c lu d e d  i n  t h e  
d e s i c c a t o r  t o  a l l o w  t h e  b lo c k s  t o  m o is t e n  p r i o r  t o  
s u b s e q u e n t  f u n g a l  c o l o n i s a t i o n .  The d e s i c c a t o r  w as 
v e n t e d  i n  a s e a l e d  i s o l a t i o n  h o o d  f o r  48  h a f t e r  
s t e r i l i s a t i o n  t o  rem ove a l l  t r a c e s  o f  e t h y l e n e  o x id e
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fro m  t h e  b l o c k s .  T h is  w as im p o r ta n t  s i n c e  i t  i s  known 
t h a t  r e s i d u a l  e t h y l e n e  o x id e  ca n  h a v e  a d e l e t e r i o u s  
e f f e c t  on  f u n g a l  g r o w th  (D r. A .F . B r a v e r y ,  B u i ld in g  
R e s e a r c h  E s t a b l i s h m e n t ;  p e r s o n a l  c o m m u n ic a t io n ) .
2 . 4 . 2  I n f e c t i o n  o f  b l o c k s .
C u l t u r e s  o f  S . la c r y m a n s  FPRL 12C w e r e  grow n on 5% ME/2% 
a g a r  i n  500 m l v e n t e d ,  s c r e w  to p p e d  g l a s s  j a r s  u n t i l  a 
m y c e l i a l  m at c o v e r e d  t h e  s u r f a c e  ( a p p r o x im a t e ly  2 
w e e k s ) . S t e r i l e  p l a s t i c  m esh  w as p l a c e d  on  t o p  o f  t h e  
m y c e l i a l  m at an d  10 s t e r i l e  w ood b l o c k s ,  e i t h e r  p i n e  o r  
l im e ,  w e r e  a d d ed  t o  t h e  j a r .  The m esh  p r e v e n t e d  
w a t e r l o g g i n g  o f  t h e  b l o c k s  d u e t o  c o n t a c t  w i t h  a g a r .  To 
r e d u c e  d r y in g  o f  t h e  a g a r  and  t o  m a in t a in  a d e q u a te  
v e n t i l a t i o n  t h e  j a r s  w e r e  p l a c e d  i n  a s e a l e d ,  m o is t e n e d  
t a n k  i n s i d e  a c o o l e d  in c u b a t o r  and  g a s e o u s  e x c h a n g e  w as 
m a in t a in e d  w i t h  an  a q u a r iu m  pump. C o n t r o l  b lo c k s  w ere  
p l a c e d  on p l a s t i c  m esh  on s t e r i l e  a g a r  and  e x p o s e d  t o  
t h e  sam e c o n d i t i o n s  a s  t e s t  b l o c k s .
2 . 4 . 3  U p l i f t  o f  b l o c k s .
The a im  w as t o  p r o d u c e  w ood b lo c k s  a t  d i f f e r e n t  s t a g e s  
o f  f u n g a l  c o l o n i s a t i o n  and  i n c i p i e n t  d e c a y ;  t h e r e f o r e  
b l o c k s  w e r e  h a r v e s t e d  a f t e r  1 , 2 , 3 ,  5 , 7 ,  9 , 1 1 , 14 and  
16 w e e k s .  T h e s e  u p l i f t s  g a v e  b lo c k s  w i t h  w e ig h t  l o s s e s  
o f  from  0 -  61.99%  ( l im e )  and  0 -  42.5%  ( p i n e ) .  A f t e r  
t h e  a p p r o p r ia t e  i n c u b a t i o n  p e r i o d s  b lo c k s  w e r e  s c r a p e d  
f r e e  o f  s u r f a c e  m y c e liu m , r e w e ig h e d  ( u p l i f t  w e ig h t )  and  
s t o r e d  a t  -20°C  p r i o r  t o  f r e e z e  d r y in g .  B lo c k s  w e r e  
s t o r e d  i n  a d e s i c c a t o r  a f t e r  f r e e z e  d r y in g ,  p r i o r  t o  
r e w e ig h in g  ( f i n a l  d r y  w e ig h t )  and  s t o r a g e  o f  t h e  b lo c k s  
a t  -180°C  u n t i l  r e q u ir e d  f o r  a n a l y s i s .
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2 . 4 . 4  A s s e s s m e n t  o f  i n f e c t i o n .
A s s e s s m e n t  o f  i n f e c t i o n  o f  t h e  b lo c k s  b y  S . la c r v m a n s  
w as i n v e s t i g a t e d  i n  2 d i f f e r e n t  w a y s .
2 . 4 . 4 . 1  M ic r o s c o p ic a l  a s s e s s m e n t .
M ic r o s c o p ic a l  i n v e s t i g a t i o n  in v o l v e d  d i f f e r e n t i a l  
s t a i n i n g  (A p p en d ix  A, A6) o f  10 Jim t a n g e n t i a l  
l o n g i t u d i n a l  s e c t i o n s  (TLS) w i t h  s a f r a n i n  and  
p i c r o - a n i l i n e  b lu e  s t a i n  ( C a r tw r ig h t ,  1 9 2 9 ) t o  
c o n f ir m  t h e  p r e s e n c e  o f  f u n g a l  m y c e liu m  ( b lu e )  in  
l i g n i f i e d  m a t e r i a l  ( p i n k ) .
2 . 4 . 4 . 2  W eig h t l o s s .
I n f e c t i o n  o f  t h e  b lo c k s  b y  S . la c r v m a n s  w as  
c o n f ir m e d  b y  % w e ig h t  l o s s  m ea su r e m e n ts  w h ic h  w ere  
c a l c u l a t e d  a f t e r  t h e  % m o is t u r e  c o n t e n t  o f  t h e  
b lo c k  h ad  b e e n  e s t a b l i s h e d  in  o r d e r  t o  e n s u r e  t h a t  
d e c a y  b y  S . la c r y m a n s  h ad  o c c u r r e d  a t  a p p r o p r ia t e  
m o is t u r e  l e v e l s .  T h e se  m ea su r e m e n ts  w e r e  c a l c u l a t e d  
f o r  e a c h  b lo c k  u s i n g  t h e  s ta n d a r d  fo r m u la e  
(W ilk in s o n ,  1 9 7 9 ) ,  v i z
m o is t u r e  c o n t e n t = u p l i f t  w e ig h t  -  f i n a l  d r y  w e ig h t  x  100
f i n a l  d ry  w e ig h t  1
w e ig h t  l o s s  = o r i g i n a l  d r y  w e ig h t  -  f i n a l  d r y  w e ig h t  x  100
o r i g i n a l  dry w e ig h t 1
3 . FIELD STUDIES.
3 .1  S i t e s  o f  c o l l e c t i o n  o f  f i e l d  s a m p le s .
S a m p le s  o f  S . la c r v m a n s  w e r e  c o l l e c t e d  from  10 d i f f e r e n t  
s i t e s  i n  S c o t la n d  and  Germany (T a b le  4 ) .
3 .2  F i e l d  n o t e s .
The v i s u a l  a p p e a r a n c e  o f  e a c h  sa m p le  w as r e c o r d e d  a s  
e i t h e r  ' f r e s h '  o r  ' d e s i c c a t e d ' .  The fo r m e r  i n d i c a t e d  
t h a t  t h e  sa m p le  w as m o is t  (m y c e liu m  o r  b a s i d i o c a r p )  and  
w as h a r v e s t e d  fro m  an a c t i v e l y  g r o w in g  f l u s h  (m y ce liu m )  
o r  p o s s e s s e d  s p o r e s  ( b a s i d i o c a r p ) . S tr a n d  m a t e r i a l  c o u ld  
n o t  e a s i l y  b e  a s s e s s e d  in  s u c h  a m anner b u t  t h e  te r m  
' f r e s h '  w as a p p l i e d  t o  m a t e r i a l  fro m  a s i t e  a t  w h ic h  
f r e s h  m y c e liu m  w as c o l l e c t e d .  ' D e s i c c a t e d '  i n d i c a t e d  
t h a t  t h e  m a t e r i a l  lo o k e d  o p a q u e , d u s t y  and o l d .
3 .3  S am p le  c o l l e c t i o n .
F u n g a l sa m p le s  an d  i n f e c t e d  w ood sa m p le s  w e r e  c o l l e c t e d  
an d  p r e p a r e d  f o r  a n a l y s i s .  A l l  s a m p le s  w ere  p r o c e s s e d  
im m e d ia t e ly  a f t e r  a r r i v a l  i n  t h e  la b o r a t o r y  b y  s t o r a g e  
a t  -2  0°C p r i o r  t o  f r e e z e  d r y in g .
3 . 3 . 1  F u n g a l s a m p le s .
F u n g a l f i e l d  s a m p le s  w e r e  p e r s o n a l l y  c o l l e c t e d  from  
a c t i v e  o u tb r e a k s  a t  s i t e s  A -  C, w h e r e a s  s a m p le s  from  
s i t e s  D -  G w e r e  s u p p l i e d  b y  D r. B. H e g a r ty  (Rohm & H aas 
F r a n c e  S .A . ,  V a lb o n n e , F r a n c e )  an d  w e r e  i n  a d e s i c c a t e d  
s t a t e  a f t e r  h a v in g  b e e n  k e p t  a t  a m b ie n t  t e m p e r a tu r e  f o r  
v a r y in g  p e r i o d s  o f  t im e  p r i o r  t o  p r o c e s s i n g .  A l l  f u n g a l  
m a t e r i a l  w as h a r v e s t e d  a s  a c o m p le t e  u p l i f t  ( c o m p o s i t e  
s a m p le s )  o f  t h e  m o r p h o lo g ic a l  form  w i t h  t h e  e x c e p t i o n  o f  
o n ly  t h e  0 .5  cm w id e  g r o w in g  m a r g in  (y o u n g  m y c e liu m )
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T a b le  4: C o l l e c t i o n  s i t e s  o f  f i e l d  sa m p le s  
la c r v m a n s .
o f  S e r p u la
S i t e L o c a t io n B u i l d i n g  t y p e
A D u n d ee , S c o t la n d P r i v a t e  h o u s e
B B r e c h in ,  S c o t la n d C h u rch
C L in l i t h g o w ,  S c o t la n d C a s t l e
D E b e r s b a c h , Germany C h u rch
E A u le n d o r f ,  Germany C a s t l e
F E r z in g e n ,  Germany Town H a l l
G E n g e n , Germany C h u rch  to w e r
H D u n d ee , S c o t la n d C lu b  h o u s e
I D u n d ee , S c o t la n d Shop
J D u n d ee , S c o t la n d T en em en t h o u s e
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from  s p e c i f i c  m y c e l i a l  f l u s h e s  ( s i t e s  A -  C ) ; a m y c e l i a l  
f l u s h  o f  r a d iu s  46 cm, from  s i t e  A, fro m  w h ic h  t h e  y o u n g  
m y c e liu m  w as h a r v e s t e d  and  s u c c e s s i v e  0 .5  cm w id e  
sa m p le s  w e r e  ta k e n  a t  2 .0  cm i n t e r v a l s ;  an d  a 20 cm 
d ia m e t e r  b a s i d i o c a r p  from  s i t e  D w h ic h  w as sa m p le d  9 
t im e s  a t  s u c c e s s i v e  d i s t a n c e s  from  t h e  i n i t i a l  sa m p le  a t  
t h e  m a r g in . The t o t a l  num ber o f  sa m p le s  c o l l e c t e d  and  
a n a ly s e d  w e r e  49 m y c e l i a l  s a m p le s ,  29 b a s i d i o c a r p  
sa m p le s  an d  9 s t r a n d  s a m p le s .
3 . 3 . 2  Wood s a m p le s .
S a m p les  o f  p u t a t i v e l y  i n f e c t e d  w ood w e r e  c o l l e c t e d  
p e r s o n a l l y  from  s i t e s  o f  a c t i v e  o u tb r e a k  i n  S c o t la n d  
( s i t e s  A -  C, H and J ) o r  w e r e  s u p p l i e d  i n  a d e s i c c a t e d  
s t a t e  fro m  e i t h e r  Germany ( s i t e s  D and E) o r  D undee  
( s i t e  I ) . The l a t t e r  s a m p le s  w e r e  s u p p l i e d  by  Mr. F .G . 
A l la n  ( R i t c h i e ,  D agan & A l l a n ,  C h a r te r e d  A r c h i t e c t s ,  
D undee) and  c o n s i s t e d  o f  6 s a m p le s  w h ic h  h ad  b e e n  
d r i l l e d  a t  v a r i o u s  d i s t a n c e s  from  an  i n f e c t i o n  p o i n t  
w i t h i n  a s o f t w o o d  beam , o f  c r o s s - s e c t i o n  20 cm x  25 cm, 
w h ic h  h ad  b e e n  d ia g n o s e d  i n f e c t e d  som e 6 y e a r s  
p r e v i o u s l y .  20 i n f e c t e d  w ood sa m p le s  w e r e  a n a ly s e d .
4 .  FURTHER SAMPLE PROCESSING AND STORAGE.
A l l  f u n g a l  m a t e r i a l  f o r  e l e c t r o p h o r e s i s  w as f r e e z e  d r i e d  
u s i n g  a vacuum  f r e e z e  d r i e r  (M odel num ber FD 5 0 0 /6 0 ,  
B ir c h o v e r  I n s t r u m e n t s  L t d ) . A f t e r  l y o p h i l i s a t i o n  
m y c e l i a l  s a m p le s  w e r e  c r u s h e d  w i t h  f o r c e p s  an d  w ood  
s a m p le s  w e r e  i n d i v i d u a l l y  m i l l e d  th r o u g h  a 0 .5  mm m esh  
i n  a hammer m i l l  (M icro  Hammer M i l l  C 580, G le n  C r e s t o n ,
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UK) p r i o r  t o  s t o r a g e  a t  -1 8 0 °C . T h orou gh  c l e a n i n g  o f  t h e  
m i l l  b e tw e e n  e a c h  sa m p le  a v o id e d  c o n t a m in a t io n  o f  t h e  
s a m p le s .  L y o p h i l i s e d  m a t e r i a l  w as s u b s e q u e n t ly  u s e d  a s  
t h e  s o u r c e  o f  f u n g a l  e x t r a c t s .
5 . ANTISERUM PRODUCTION.
5 .1  Immunogen p r e p a r a t io n  and  im m u n is a t io n .
S . la c r v m a n s  FPRL 12C s t a n d a r d  m y c e liu m  ( 2 . 3 . 2 )  w as 
p r e p a r e d  a s  an  im m unogen a s  d e s c r i b e d  f o r  L . l e p i d e u s  b y  
G la n c y  e t  a l . ,  1 9 8 9 . A w h o le  c e l l  m y c e l i a l  s u s p e n s io n  
w as p r e p a r e d  by  g r i n d i n g  m y c e liu m  i n  a m o r t a r / p e s t l e  a t  
room  te m p e r a t u r e  (R /T) w i t h  p h o s p h a te  b u f f e r e d  s a l i n e  
lOmM, pH 7 .4  (PBS) (A p p en d ix  A, A7) a t  a c o n c e n t r a t i o n  
o f  5 m g /m l. The im m unogen w as p r e p a r e d  from  t h i s  
s u s p e n s io n  b y  v o r t e x i n g  1 .5  m l w i t h  an e q u a l  v o lu m e  o f  
a p p r o p r ia t e  a d ju v a n t  (p r im a r y  im m u n is a t io n :  F r e u n d 's  
c o m p le te  a d j u v a n t ,  A p p e n d ix  A, A8; s e c o n d a r y  
im m u n is a t io n :  F r e u n d 's  in c o m p le t e  a d j u v a n t ,  A p p e n d ix  A, 
A9) t o  g i v e  a w a t e r - i n - o i l  e m u ls io n .  2 m is  o f  t h i s  
e m u ls io n  w as i n j e c t e d  i n t o  6 s u b c u ta n e o u s  d o r s a l  
i n j e c t i o n  s i t e s  on  d a y  1 an d  d a y  1 4 .
5 .2  A n t i s e r a .
5 . 2 . 1  P r e p a r a t io n  o f  s p e c i f i c  a n t i s e r u m .
The r a b b i t  w as b l e d  from  a m a r g in a l  e a r  v e i n  10 d a y s  
a f t e r  t h e  b o o s t e r  im m u n is a t io n .  3 b l e e d s  a t  
a p p r o x im a t e ly  f o r t n i g h t l y  i n t e r v a l s  w e r e  t a k e n  a f t e r  
r e p e a t e d  b o o s t e r  i n j e c t i o n s .  Serum  w as p r e p a r e d  i n  t h e  
n o rm a l way an d  w as s t o r e d  i n  e i t h e r  1 ml o r  100  |Lil 
a l i q u o t s  a t  -2 0 °C .
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5 . 2 . 2  C o m m ercia l a n t i s e r a .
The f o l l o w i n g  a n t i s e r a / c o n t r o l  s e r a  w e r e  o b t a in e d  from  
t h e  S c o t t i s h  A n t ib o d y  P r o d u c t io n  U n i t .
a ) H o r se  r a d i s h  p e r o x i d a s e - l a b e l l e d  a n t i - r a b b i t  IgG  
(d o n k ey  p o l y c l o n a l )  ( s e c o n d a r y  a n t ib o d y ,  HRP- 
A b 2) .
b ) N orm al d o n k ey  scru m  (N D S ).
c )  N orm al g o a t  seru m  (N G S).
d) N orm al r a b b i t  seru m  (N R S ).
A l k a l i n e  p h o s p h a t a s e - l a b e l l e d  a n t i - d i g o x i g e n i n  Fab  
fr a g m e n ts  ( s h e e p )  w e r e  s u p p l i e d  i n  t h e  DIG G ly c a n  
D e t e c t i o n  K it  (A p p en d ix  A, A10) k in d ly  s u p p l i e d  by D r. 
T .E .J .  B u u l t j e n s ,  D ep a rtm en t o f  B i o l o g i c a l  S c i e n c e s ,  
D undee U n i v e r s i t y .
5 .3  A b s o r b t io n  o f  a n t i s e r u m .
A n tis e r u m  f o r  u s e  in  t h e  d o t  im m u n ob in d in g  a s s a y  w as 
d i l u t e d  w i t h  an a p p r o p r ia t e  b u f f e r  c o n t a i n i n g  e i t h e r  
P B S /0 . 05%T/5NCS o r  PBS/5B (A p p en d ix  A, A l l )  t o  t w i c e  t h e  
f i n a l  c o n c e n t r a t i o n  r e q u ir e d .  I t  w as m ix e d  w i t h  an  e q u a l  
v o lu m e  o f  t h e  a b s o r b in g  a g e n t  (2 m g /m l) , t h e  s ta n d a r d  
m y c e liu m  o f  a c r o s s  r e a c t i n g  f u n g a l  o r g a n ism ,, w h ic h  had  
b e e n  p r e v i o u s l y  g ro u n d  t o  a  s l u r r y  in  t h e  sam e d i l u t i o n  
b u f f e r  u s i n g  a m o r t a r / p e s t l e .  O rg a n ism s u s e d  in  
c o m b in a t io n  w i t h  e a c h  o t h e r  w e r e  e a c h  u s e d  a t  2 m g /m l. 
The m ix tu r e  w as in c u b a t e d  f o r  60 m in a t  R /T  w i t h  
c o n t in u o u s  s t i r r i n g  and c e n t r i f u g e d  ( 2 ,5 0 0  rpm, 10 m in ) .  
The s u p e r n a t a n t  w as rem oved  an d  u s e d  in  s u b s e q u e n t  
e x p e r im e n t s .
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6 . REAGENTS FOR IMMUNOLOGICAL TECHNIQUES.
6 .1  M em b ran es.
The i n e r t  m em branes (A p p en d ix  A, A12) u s e d  i n  t h e  
im m u n o lo g ic a l  t e c h n iq u e s  w e r e  n i t r o c e l l u l o s e  and  
Im m o b ilo n . The fo rm er  w as u s e d  f o r  t h e  d o t  im m u n o b in d in g  
a s s a y  an d  t h e  l a t t e r  w as u s e d  f o r  w e s t e r n  b l o t t i n g .
6 .2  B u f f e r s .
A v a r i e t y  o f  b l o c k i n g ,  d i l u t i o n  and w a sh  b u f f e r s  w ere  
u s e d  in  t h e  im m u n o lo g ic a l  t e c h n i q u e s .  T h e s e  (A p p en d ix  A, 
A l l )  w e r e  co m p o sed  o f  PBS w i t h  e i t h e r  n o n - s p e c i f i c  
p r o t e i n s ,  e . g .  n ew b orn  c a l f  seru m  (N C S ), n o rm a l g o a t  
seru m  (N G S), n o rm a l d o n k e y  seru m  (N D S), b o v in e  serum  
a lb u m in  (BSA) and  n o n - f a t  d r i e d  m i lk  ( B l o t t o  ( B ) ;
J o h n so n  e t  a l . ,  1 9 8 4 ) ,  o r  a n o n - i o n i c  d e t e r g e n t ,  Tween  
20 ( T ) , i n  v a r i o u s  c o m b in a t io n s  and p e r c e n t a g e s .  M ost 
w e r e  u s e d  i n  t h e  d o t  im m u n o b in d in g  a s s a y ,  w i t h  o n ly  
PBS/T/NCS and  PBS/B b e in g  u s e d  in  w e s t e r n  b l o t t i n g .
6 .3  C h ro m o g en ic  s u b s t r a t e s .
3 c h r o m o g e n ic  s u b s t r a t e s  w e r e  u s e d  t o  v i s u a l i s e  t h e  
b ou n d  p r o t e i n s  (A p p en d ix  A, A 1 3 ) .  T h e se  w e r e  
d ia m in o b e n z id in e  (DAB) (Graham & K a r n o v sk y , 1 9 6 6 ) ,  
d ia m in o b e n z id in e  e n h a n c e d  w i t h  n i c k e l  c h l o r i d e  (DAB/N) 
(Hsu & S o b a n , 1 9 8 2 ) an d  b r o m o c h lo r o in d o ly l  
p h o s p h a t e / n i t r o b l u e  t e t r a z o l i u m  (BCPIP/NBT) (McG adey, 
1 9 7 0 ; L e a r y , B r i g a t i  & Ward, 1 9 8 3 ) .  DAB w as u s e d  in  t h e  
d o t  im m u n o b in d in g  a s s a y  and  i n  w e s t e r n  b l o t t i n g ;  DAB/N 
w as u s e d  f o r  t h e  l a t t e r  t e c h n iq u e  o n ly ;  an d  BCPIP/NBT  
w as u s e d  i n  g ly c a n  d e t e c t i o n .
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7 . DOT IMMUNO-BINDING ASSAY.
7 .1  T i t r e  a s s e s s m e n t .
To d e t e r m in e  i f  a n t ib o d y  (Ab) h ad  b e e n  p r o d u c e d  t o  t h e  
s p e c i f i c  a n t i g e n  (Ag) t h e  d o t  im m u n o b in d in g  a s s a y  o f  
T ow bin  & G ordon ( 1 9 8 4 ) ,  a s  d e s c r i b e d  f o r  u s e  w i t h  L. 
l e p i d e u s  (G la n c y  e t  a l . , 1 9 8 9 ) ,  w as u s e d  t o  a s s e s s  t h e  
t i t r e  o f  t h e  t e s t  a n t i s e r u m .
7 . 1 . 1  A n t ig e n  p r e p a r a t i o n .
S ta n d a r d  m y c e liu m  ( 2 . 3 . 2 )  w as g ro u n d  t o  a s l u r r y  i n  a 
m o r t a r / p e s t l e  i n  PBS a t  a c o n c e n t r a t i o n  o f  25 m g /m l.
T h is  w as c e n t r i f u g e d  a t  1 3 ,0 0 0  rpm f o r  10 m in a t  R /T . 
D o u b lin g  d i l u t i o n s  o f  t h e  s u p e r n a t a n t  w e r e  p r e p a r e d  and  
2 n l  a l i q u o t s  w e r e  d o t t e d  o n to  n i t r o c e l l u l o s e  m em b ran es. 
In  l a t e r  a s s a y s  s a m p le s  w e r e  in c u b a t e d  a t  37°C f o r  10 
m in p r i o r  t o  t h e  c e n t r i f u g a t i o n  s t a g e .
7 . 1 . 2  I n i t i a l  p r o t o c o l .
The d o t  im m u n o b in d in g  p r o t o c o l  i s  d e t a i l e d  i n  A p p e n d ix  
A, A 14 . A l l  i n c u b a t i o n  s t e p s  o f  t h e  p r o c e d u r e  w e r e  
c a r r i e d  o u t  on  a r o c k in g  p la t f o r m .  B r i e f l y ,  t h e  p r o t o c o l  
i n v o l v e d  b lo c k i n g  o f  t h e  n o n - s p e c i f i c  b in d in g  on  t h e  
n i t r o c e l l u l o s e  f o r  60 m in  w i t h  P B S /0 . 5T/5N C S; f o l l o w e d  
b y  a w a s h in g  s t a g e  w i t h  P B S /0 .0 5 T  w h ic h  p r e c e d e d  
i n c u b a t i o n  f o r  60 m in  w i t h  A b l a t  t h e  a p p r o p r ia t e  
c o n c e n t r a t i o n  i n  P B S /0 . 05T /5N C S . W ash in g  s t a g e s  p r e c e d e d  
i n c u b a t i o n  f o r  60 m in  a t  R /T  w i t h  HRP-Ab2 a t  a  
c o n c e n t r a t i o n  o f  1 :2 0 0  i n  P B S /0 . 05T/5NCS f o l l o w e d  by  
f u r t h e r  w a s h in g  s t a g e s .
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7 . 1 . 3  D e t e c t i o n  o f  HRP-Ab 2 b i n d i n g .
D e t e c t i o n  o f  t h e  A b:A g c o m p le x  w as w i t h  DAB. The d o t s  
p r o d u c e d  i n  t h e  a n t i g e n  d i l u t i o n  a s s a y s  w e r e  s c o r e d  on  a 
v i s u a l  c o lo u r  s c a l e  fro m  0 (no c o lo u r )  t o  5 , a p o s i t i v e  
r e a c t i o n  w as d e f i n e d  a s  a s c o r e  o f  2 .5  and  a b o v e .
7 . 1 . 4  N o n - s p e c i f i c  b in d in g  t o  n i t r o c e l l u l o s e .
To r e d u c e  n o n - s p e c i f i c  b in d in g  2 p r o t o c o l s  w e r e  
i n v e s t i g a t e d .  A l t e r n a t i v e  b u f f e r s  (A p p en d ix  A, A l l )  w e r e  
in c lu d e d  i n  t h e  p r o t o c o l  and  an e x t r a  b l o c k i n g  s t a g e  
p r i o r  t o  t h e  u s e  o f  HRP-Ab2 w as i n v e s t i g a t e d .
7 . 1 . 5  B in d in g  o f  c o n t r o l  a n t is e r u m  t o  a n t i g e n .
To i n v e s t i g a t e  t h e  a p p a r e n t  b in d in g  o f  c o n t r o l  a n t is e r u m  
t o  a n t i g e n  4 s y s te m s  w e r e  t e s t e d .
1) A b s o r b t io n  o f  c o n t r o l  a n t is e r u m  w i t h  S . la c r y m a n s  
FPRL 12C s ta n d a r d  m y c e liu m .
2) B lo c k in g  w i t h  s u g a r s  -  5 s u g a r s  (A p p en d ix  A, A15) 
w e r e  in c lu d e d  s e p a r a t e l y  i n  b lo c k ,  d i l u t i o n  and  
w a sh  b u f f e r s  a t  a f i n a l  c o n c e n t r a t i o n  o f  0 . 1M i n  
o r d e r  t o  b in d  w i t h  p o s s i b l e  f u n g a l  l e c t i n s .
3) E n d o g en o u s p e r o x i d a s e  i n  f u n g a l  s a m p le s  w as 
q u e n c h e d  u s i n g  t h e  m eth od  a f t e r  J o h n s t o n e  &
T h o rp e  (1 9 8 2 ) (A p p en d ix  A, A 1 6 ) .
4) O m is s io n  o f  A b l fro m  t h e  p r o t o c o l .
7 . 1 . 6  The e f f e c t  o f  sa m p le  p r e p a r a t i o n .
The e f f e c t  o f  sa m p le  p r e p a r a t io n  on t h e  n o n - s p e c i f i c  
b in d in g  o f  Ab2 w as i n v e s t i g a t e d  i n  2 s y s t e m s .
1) D e t e r g e n t  t r e a t m e n t  u s i n g  e i t h e r  an  i o n i c
d e t e r g e n t ,  so d iu m  d o d e c y l s u lp h a t e  (S D S ), o r  n o n ­
i o n i c  d e t e r g e n t s ,  e . g .  T, N o n id e t  P40 (NP 40) and
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2 ) E f f e c t  o f  h e a t  t r e a t m e n t  -  a n t i g e n  g r i n d i n g  w as 
f o l l o w e d  by in c u b a t i o n  a t  e i t h e r  R /T  and  37°C (10  
m in ) ; o r  100°C (3 m i n ) .
7 .2  C r o s s - r e a c t i v i t y .
U s in g  t h e  p r o t o c o l  o u t l i n e d  i n  7 . 1 . 2  a num ber o f  f u n g i  
(T a b le  2) w e r e  t e s t e d  f o r  c r o s s  r e a c t i v i t y  w i t h  t h e  
a n t i s e r u m . The a n t i g e n  w as p r e p a r e d  a t  25 m g/m l i n  PBS. 
I n  o r d e r  t o  im p ro v e  s p e c i f i c i t y  o f  t h e  a n t i s e r u m  i t  w as 
a b s o r b e d  ( 5 .4 )  a t  1 :4 0 0  w i t h  t h e  m o st s t r o n g l y  c r o s s  
r e a c t i n g  f u n g a l  s p e c i e s  ( e i t h e r  S . la c r y m a n s , P . 
p l a c e n t a , C. p u t e a n a , C. v e r s i c o l o r  and S . 
s a n g u in o le n tu r n , o r  a c o m b in a t io n  o f  C. v e r s i c o l o r  and  C . 
p u t e a n a ) p r i o r  t o  i t s  u s e  i n  t h e  d o t  im m u n o b in d in g  
a s s a y .
T r ito n  X -1 0 0 , (A ppendix A, A17) in  th e  i n i t i a l
sam ple e x t r a c t io n  b u f f e r .
8 . PROTEIN SEPARATION BY ELECTROPHORESIS.
8 .1  S am p le  p r e p a r a t io n  p r i o r  t o  e l e c t r o p h o r e s i s .
8 . 1 . 1  I n i t i a l  e x p e r im e n t s .
W eig h ed  s a m p le s  o f  l y o p h i l i s e d  s ta n d a r d  m y c e liu m  w ere  
g r o u n d  t o  a s l u r r y  in  PBS a t  R /T  u s i n g  a m o r t a r / p e s t l e . 
S u b s e q u e n t  a d d i t i o n  o f  1 p a r t  b o i l i n g  m ix  (M arsden  
e t  a l . ,  1 9 7 8 ) (A p p en d ix  A, A18) t o  2 p a r t s  sa m p le  w as 
f o l l o w e d  by s t o r a g e  a t  -20°C  u n t i l  u s e .  M y c e l i a l  sa m p le s  
w e r e  i n i t i a l l y  p r e p a r e d  a t  a c o n c e n t r a t i o n  o f  6 .2 5  m g/m l 
i n  PBS; w ood grow n m a t e r i a l  w as p r e p a r e d  a t  25  m g/m l in  
PBS, e x c e p t  f o r  s e v e r e l y  d e c a y e d  m a t e r i a l  (>50% w e ig h t  
l o s s )  w h ic h  w as p r e p a r e d  a t  50 m g /m l.
Page -  73
The e f f i c a c y  o f  t h e  m eth o d  o f  sa m p le  p r e p a r a t i o n  in  
e x t r a c t i o n  o f  p r o t e i n  w as i n v e s t i g a t e d  b y  a v a r i e t y  o f  
m e th o d s , e . g .  g r i n d i n g  o f  m y c e liu m  ( s e e  A p p e n d ix  A, A19) 
and v a r i a t i o n  o f  e x t r a c t i o n  p r o t o c o l  ( s e e  A p p e n d ix  A, 
A20) w h ic h  in c lu d e d  t h e  u s e  o f  an i n h i b i t o r  o f  
p r o t e o l y s i s ,  p h e n y lm e t h y l - s u lp h o n y l  f l u o r i d e  (PMSF) 
(A p p en d ix  A, A21) i n  t h e  sa m p le  b u f f e r .
8 . 1 . 3 .  R o u t in e  sa m p le  p r e p a r a t i o n .
In  s u b s e q u e n t  e x p e r im e n t s  w e ig h e d  sa m p le s  w e r e  g r o u n d ,  
a t  t h e  f i n a l  c o n c e n t r a t i o n  o f  t h e  fu n g u s  i n  PBS, in  a 
c o o l e d  m o r t a r / p e s t l e  (4°C) in  a 2 : 1  m ix t u r e  o f  
P B S : b o i l in g  m ix  a t  4°C. T h is  w as f o l lo w e d  b y  i n c u b a t io n  
a t  100°C f o r  3 m in  p r i o r  t o  c e n t r i f u g a t i o n  (10 m in ,
1 3 ,0 0 0  rpm) an d  r e m o v a l o f  t h e  s u p e r n a t a n t  (A p p en d ix  A, 
A 20, m eth o d  6 ) .  In  t h e  c a s e  o f  som e s e v e r e l y  d e c a y e d  
w ood b lo c k s  i t  w as n e c e s s a r y  t o  a d j u s t  t h e  pH o f  t h e  
f i n a l  e x t r a c t  t o  a p p r o x im a t e ly  6 .7  by a d d i t i o n  o f  e x c e s s  
b o i l i n g  m ix . A l l  s u p e r n a t a n t  sa m p le s  w e r e  s t o r e d  a t  
-20°C  u n t i l  u s e .
8 .2  E s t im a t io n  o f  t h e  p r o t e i n  c o n t e n t  o f  f u n g a l  e x t r a c t . 
E x t r a c t s  o f  f u n g a l  o r g a n is m s  w e r e  p r e p a r e d  a s  i n  8 . 1 . 1  
and t h e  p r o t e i n  c o n t e n t  o f  t h e  s u p e r n a t a n t  w as e s t im a t e d  
a f t e r  c e n t r i f u g a t i o n  ( 1 3 ,0 0 0  rpm, 10 m in) u s i n g  a d y e  
b in d in g  m ic r o - a s s a y  b a s e d  on  t h e  m eth od  d e s c r i b e d  b y  
B r a d fo r d  (1 9 7 6 )  u s i n g  C o o m a ss ie  r e a g e n t  (A p p en d ix  A, 
A 2 2 ) . B o v in e  seru m  a lb u m in  (BSA) (A p p en d ix  A, A23) w as  
u s e d  a s  t h e  s t a n d a r d  p r o t e i n .
8 .1 .2  E f f i c a c y  o f  e x t r a c t io n
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8 .3  Sodium  d o d e c v l s u l p h a t e  p o ly a c r y la m id e  g e l  
e l e c t r o p h o r e s i s  (SD S-PA G E).
8 . 3 . 1  P r e p a r a t io n  o f  g e l s .
R e a g e n ts  a r e  l i s t e d  i n  A p p e n d ix  A, A 24. The p r o t e i n s  in  
t h e  e x t r a c t s  w e r e  a n a ly s e d  b y  SDS-PAGE u s i n g  t h e  m eth od  
o f  Laem m li (1 9 7 0 )  a s  m o d i f i e d  b y  M arsden  e t  a l . ( 1 9 7 8 ) .
B r i e f l y ,  t h i s  in v o l v e d  t h e  p r e p a r a t io n  o f  a 5-15%  
g r a d ie n t  g e l  (A p p en d ix  A, A 25) p r e p a r e d  a s  d e s c r i b e d  by  
M arsden e t  a l . (1 9 7 8 ) and  s u b s e q u e n t  a d d i t i o n  o f  a
s t a c k i n g  g e l  (A p p en d ix  A, A 2 5 ) .
8 . 3 . 2  S am p le  p r e p a r a t io n  f o r  SDS-PAGE.
S a m p les  w e r e  th a w ed  a t  R /T , h e a t e d  a t  100°C f o r  3 m in  
and c e n t r i f u g e d  a t  1 3 ,0 0 0  rpm f o r  10 m in a t  R /T . The 
s u p e r n a t a n t  w as a p p r o p r i a t e l y  d i l u t e d  i n  P B S /b o i l in g  m ix  
(2 : 1 )  and  w as u s e d  in  20 ^il s a m p le s  f o r  a n a l y s i s  by SDS- 
PAGE. L o a d in g  o f  sa m p le s  w as b a s e d  on p r e v io u s  
e x p e r ie n c e  o f  t h e  optim um  num ber o f  b a n d s v i s u a l i s e d  on  
s t a i n e d  g e l s .
8 . 3 . 3  P r o t e i n  s t a n d a r d s .
Low (LMW) an d  h ig h  (HMW) m o le c u la r  w e ig h t  s t a n d a r d  
p r o t e i n s  (A p p en d ix  A, A 26) w e r e  th a w ed  p r i o r  t o  u s e  o f  
20 | i l  p e r  sa m p le  w e l l  a t  e i t h e r  en d  o f  g e l s .
8 . 3 . 4  P r o t e i n  s e p a r a t i o n .
P r o t e i n s  i n  t h e  sa m p le s  w e r e  s e p a r a t e d  f o r  a p p r o x im a t e ly  
4 h a t  35 m A /g e l a t  4°C on  a LKB 2 0 0 1  v e r t i c a l  
e l e c t r o p h o r e s i s  u n i t .  F o l lo w in g  e l e c t r o p h o r e s i s  t h e  
sa m p le s  w e r e  e i t h e r  s t a i n e d  i n  t h e  g e l  o r  
e l e c t r o p h o r e t i c a l l y  t r a n s f e r r e d  t o  an i n e r t  m em brane and  
s u b s e q u e n t ly  v i s u a l i s e d .
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9 . STAINING OF GEL.
R e a g e n ts  a r e  l i s t e d  i n  A p p e n d ix  A, A 27.
9 .1  P r o t e i n  d e t e c t i o n .
D e t e c t i o n  o f  p r o t e i n s  i n  t h e  g e l  w as by s i l v e r  s t a i n i n g  
a c c o r d in g  t o  t h e  m eth o d  o f  B lum , B e ie r  & G r o ss  (1 9 8 7 )  
w h ic h  c o n s i s t s  o f  o v e r n ig h t  g e l  f i x a t i o n  a f t e r  
e l e c t r o p h o r e s i s ;  p r e t r e a t m e n t  w i t h  so d iu m  t h i o s u l p h a t e ;  
w a sh  w i t h  e t h a n o l ;  im p r e g n a t io n  w i t h  s i l v e r  n i t r a t e  and  
fo r m a ld e h y d e ;  and  d e v e lo p m e n t  w i t h  a s o l u t i o n  c o n t a i n i n g  
so d iu m  c a r b o n a t e ,  fo r m a ld e h y d e  and  so d iu m  t h i o s u l p h a t e .  
C o lo u r  d e v e lo p m e n t  w as s t o p p e d  w hen t h e  b r o w n /y e l lo w  
p r o t e i n  b a n d s  w e r e  ju d g e d  t o  b e  s u f f i c i e n t l y  d a r k . G e ls  
w e r e  s t o r e d  e i t h e r  by d r y in g  on  a LKB 2 0 0 3  g e l  s l a b  
d r i e r  o r  i n  u -p  w a te r  i n  s e a l e d  p o ly t h e n e  b a g s .
9 .2  C a l c u l a t i o n  o f  t h e  MW o f  t h e  p r o t e i n s .
The r e l a t i v e  m o b i l i t y  (R f v a lu e )  o f  e a c h  s ta n d a r d  
p r o t e i n  w as c a l c u l a t e d  u s i n g  a m o d i f i c a t i o n  (S igm a  
T e c h n ic a l  B u l l e t i n  MWS-877L) o f  t h e  m eth o d  o f  Laem m li 
(1 9 7 0 ) .
1 0 .  PROTEIN BLOTTING.
SDS-PAGE s e p a r a t e d  p r o t e i n s  an d  g l y c o p r o t e i n s  w e r e  
t r a n s f e r r e d  ( b l o t t e d )  o n t o  Im m o b ilo n  u s i n g  a 
d i s c o n t i n u o u s  b u f f e r  s y s t e m  (A p p en d ix  A, A 2 8 .1 )  i n  t h e  
S a r t o b l o t  I I  s e m i- d r y  e l e c t r o p h o r e t i c  t r a n s f e r  s y s te m  
( S a r t o r i u s  L td ) (A p p en d ix  A, A 2 8 .2 )  b a s e d  on  a 
m o d i f i c a t i o n  (K y h s e -A n d e r s e n , 1 9 8 4 ) o f  t h e  m eth o d  
in t r o d u c e d  by  T ow b in , S t a e h e l i n  & G ordon (197  9) .
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1 1 . MEMBRANE PROBING.
A f t e r  b l o t t i n g  t h e  m em brane w as p r o b e d  f o r  t h e  p r e s e n c e  
o f  e i t h e r  p r o t e i n s ,  a n t i g e n s  o r  g l y c o p r o t e i n s .  A l l  t h e s e  
p r o b in g  t e c h n iq u e s  w e r e  f o l l o w e d  b y  d r y in g  o f  t h e  
m em brane a t  3 0°C.
1 1 .1  P r o t e i n  d e t e c t i o n .
The m em brane w as x2  w a sh e d  in  P B S /0 .0 5 T  and  t h e  m eth o d  
o f  H an cock  & T sa n g  (1 9 8 3 ) w as u s e d  t o  d e t e c t  p r o t e i n s  on  
t h e  m em brane. T h is  in v o l v e d  o v e r n ig h t  i n c u b a t io n  w i t h  
c o n s t a n t  r o c k in g  a t  R /T  w i t h  0.0001%  ( v /v )  I n d ia  in k  
s o l u t i o n  (A p p en d ix  A, A 2 9 ) .  T h is  p r o c e d u r e  w as 
u n d e r ta k e n  on s t a n d a r d  p r o t e i n  t r a c k s  o f  a l l  g e l s  t o  
c h e c k  f o r  e f f i c i e n t  p r o t e i n  t r a n s f e r .
1 1 .2  A n t ig e n  d e t e c t i o n .
1 1 . 2 . 1  I n i t i a l  p r o t o c o l .
The p r o t o c o l  f o r  t h e  t r e a t m e n t  o f  Im m o b ilo n  c a r r y i n g  
b l o t t e d  f u n g a l  a n t i g e n s  i n i t i a l l y  w as t h e  m eth o d  
p r e v i o u s l y  d e s c r i b e d  ( 7 . 1 . 2 )  f o r  u s e  i n  t h e  d o t  
im m u n o b in d in g  a s s a y .
1 1 . 2 . 2  Im p rovem en t o f  d e f i n i t i o n  o f  b l o t .
To im p r o v e  t h e  d e f i n i t i o n  o f  t h e  v i s u a l i s e d  a n t i g e n s  a 
num ber o f  p a r a m e te r s  w e r e  i n v e s t i g a t e d  (A p p en d ix  A,
A 3 0 ) ,  i . e .  t h e  m eth o d  o f  sa m p le  p r e p a r a t i o n ,  m em b ran es, 
b u f f e r s  w h ic h  i n c l u d e d  T, NCS and  B; and t h e  
c o n c e n t r a t i o n  o f  t h e  im m u n o lo g ic a l  r e a g e n t s .
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1 1 . 2 .3  F in a l  p r o t o c o l .
S a m p les  w e r e  p r e p a r e d  a s  d e s c r i b e d  in  8 . 1 . 3  (A p p en d ix  A, 
A2 0 , m eth o d  6) and  p r o t e i n s  w e r e  b l o t t e d  o n to  Im m o b ilo n  
u s i n g  t h e  S a r t o b l o t  I I  t r a n s f e r  a p p a r a t u s .  PBS/T/NCS w as 
r o u t i n e l y  u s e d  i n  t h e  b u f f e r s  (A p p en d ix  A, A l l )  an d  a l l  
i n c u b a t i o n  s t e p s  w e r e  c a r r i e d  o u t  on  a r o c k in g  p la t f o r m .  
The n o n - s p e c i f i c  p r o t e i n  b in d in g  s i t e s  w e r e  b lo c k e d  f o r  
60 m in a t  4°C u s i n g  P B S /0 . 5T /10N C S, w a sh ed  x2 w i t h  
P B S /0 .0 5 T  and  in c u b a t e d  o v e r n ig h t  a t  4°C w i t h  S . 
la c r y m a n s  FPRL 12C a n t is e r u m  d i l u t e d  1 :1 6 0 0  ( v /v )  i n  
P B S /0 . 05T/5N C S; f o l l o w e d  by 5 w a s h e s  w i t h  P B S /0 .0 5 T  and  
i n c u b a t i o n  a t  R /T  f o r  60 m in  w i t h  HRP-Ab2 d i l u t e d  1 :2 0 0  
( v /v )  i n  P B S /0 . 05T /5N C S . S ix  w a s h e s  w i t h  P B S /0 .0 5 T  and 2 
w a s h e s  w i t h  PBS p r e c e d e d  d e t e c t i o n  o f  enzym e a c t i v i t y .
1 1 . 2 . 4  V i s u a l i s a t i o n  o f  a n t i g e n s .
2 c h r o m o g e n ic  s u b s t r a t e s  w e r e  i n v e s t i g a t e d  f o r  t h e  
v i s u a l i s a t i o n  o f  b l o t t e d  a n t i g e n s  (A p p en d ix  A, A 1 3 ) .  
I n i t i a l l y  DAB w as u s e d  b u t  l a t t e r l y  DAB/N w as u s e d  s i n c e  
i t s  r e a c t i o n  p r o d u c t  g i v e s  a b e t t e r  c o n t r a s t  f o r  
p h o t o g r a p h ic  p u r p o s e s .  2 w a s h in g  s t a g e s  w i t h  T r i s  50mM, 
pH 7 .6  p r e c e d e d  t h e  u s e  o f  DAB/N. In  b o th  c a s e s  t h e  
c o lo u r  d e v e lo p m e n t  w as s t o p p e d  w i t h  a f i n a l  PBS w a sh  
p r i o r  t o  d r y in g  t h e  Im m o b ilo n .
1 1 .3  G ly c o p r o t e in  d e t e c t i o n .
2 d i f f e r e n t  m e th o d s  w e r e  u s e d  t o  i n v e s t i g a t e  t h e  
c a r b o h y d r a t e  n a t u r e  o f  b l o t t e d  p r o t e i n s .
1 1 . 3 . 1  Enzyme im m u n o a n a ly s is .
G ly c a n  d e t e c t i o n  u s e d  t h e  DIG g ly c a n  d e t e c t i o n  k i t  
(A p p en d ix  A, A10 and  A 3 1 ) . The m a n u f a c t u r e r 's  
i n s t r u c t i o n s  w e r e  f o l l o w e d  f o r  t h e  DIG l a b e l l i n g  o f
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g l y c o p r o t e i n s  im m o b i l i s e d  on  a m em brane. A DIG s p e c i f i c  
a n t ib o d y  and  BCPIP/NBT (A p p en d ix  A, A l3 )  v i s u a l i s e d  
t h e s e  g l y c o p r o t e i n s .
1 1 . 3 . 2  P e r o x id a s e  l a b e l l e d  l e c t i n s .
B l o t t e d  sa m p le s  w e r e  r e a c t e d  w i t h  p e r o x id a s e  l a b e l l e d  
l e c t i n s ,  C o n c a n a v a l in  A (Con A) an d  w h ea t germ  
a g g l u t i n i n  (WGA) (A p p en d ix  A, A 3 2 .1 ) ,  t o  l o c a l i s e  
a n t i g e n s  b e a r in g  s p e c i f i c  s u g a r  r e s i d u e s .  The m eth o d  
u s e d  w as a m o d i f i c a t i o n  o f  t h a t  d e s c r i b e d  i n  K i j im o t o -  
O c h ia i ,  K a t a g i r i  & O c h ia i  (1 9 8 5 )  an d  t h e  a p p r o p r ia t e  
b u f f e r s  a r e  d e t a i l e d  i n  A p p e n d ix  A, A 3 2 .2 .  A f t e r  
b l o t t i n g  t h e  m em brane w as w a sh e d , b lo c k e d  o v e r n ig h t  
a t  4°C, w a sh ed  t w i c e  p r i o r  t o  r e a c t i o n  w i t h  t h e  l e c t i n  
s o l u t i o n  f o r  60 m in  a t  R /T . F i n a l  w a s h in g  s t a g e s  
p r e c e d e d  t h e  d e t e c t i o n  o f  en zy m e, and h e n c e  l e c t i n ,  
b in d in g  w i t h  DAB/N.
1 2 . ANALYSIS OF GELS AND BLOTS.
1 2 .1  S i l v e r  s t a i n e d  g e l s .
2 m e th o d s  w e r e  a s s e s s e d  f o r  c o m p a r a t iv e  a n a l y s i s  o f  
i n d i v i d u a l  t r a c k s  i n  t h e  s t a i n e d  g e l s .
1 2 . 1 . 1  L a s e r  d e n s i t o m e t r y .
The a b s o r b a n c e s  o f  t h e  b a n d s i n  e a c h  t r a c k  w e r e  o b t a in e d  
b y  u s i n g  t h e  LKB U l t r o s c a n  L a s e r  D e n s i t o m e t e r  2 2 0 2 .
1 2 . 1 . 2  V i s u a l  s u r v e y .
Two s t a g e s  w e r e  i n v o l v e d  i n  t h i s  m eth o d  o f  a n a l y s i s  o f  
s t a i n e d  g e l s .
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1 2 . 1 . 2 . 1  M aps.
A map w as c o n s t r u c t e d  o f  t h e  p r o t e i n  p a t t e r n  
p r o d u c e d  f o r  S . la c r y m a n s  FPRL 12C s ta n d a r d  
m y c e liu m  and  w as b a s e d  on  a v i s u a l  s u r v e y  o f  6 
s e p a r a t e  a n a l y s e s .  The s t a i n i n g  i n t e n s i t y  o f  e a c h  
p r o t e i n  b a n d  w as r e c o r d e d  on  a s c a l e  o f  1 ( lo w  
i n t e n s i t y )  -  3; and  t h e  MW o f  e a c h  b an d  w as 
d e t e r m in e d .  S im i la r  m aps w e r e  c o n s t r u c t e d  f o r  o t h e r  
i s o l a t e s  t o  a l l o w  a c o m p a r is o n  o f  b a n d in g  p a t t e r n s  
b e tw e e n  i s o l a t e s .
1 2 . 1 . 2 . 2  P r o t e i n  p e r c e n t a g e  s i m i l a r i t y .
The r e l a t e d n e s s  o f  a t e s t  f u n g a l  i s o l a t e  t o  t h e  
r e f e r e n c e  i s o l a t e ,  u s u a l l y  s ta n d a r d  m y c e liu m  o f  S . 
la c r y m a n s  FPRL 12C, w as d e te r m in e d  by  i t s  p r o t e i n  
p e r c e n t a g e  s i m i l a r i t y  w h ic h  w as b a s e d  on  t h e  num ber 
o f  common b a n d s b e tw e e n  t h e  r e f e r e n c e  an d  t h e  t e s t  
i s o l a t e .  The t o t a l  num ber o f  p r o t e i n  b a n d s  on e a c h  
t r a c k  w as c o u n te d  and  t h e  num ber o f  b a n d s common t o  
t h e  t e s t  p a t t e r n  and  r e f e r e n c e  p a t t e r n  w as  
d e t e r m in e d .  The r e s u l t i n g  num ber w as te r m e d  t h e  
p r o t e i n  p e r c e n t a g e  s i m i l a r i t y  o f  t h e  t e s t  o r g a n is m  
and w as o n ly  e s t i m a t e d  w hen m ore th a n  20 b a n d s  
c o u ld  b e  i d e n t i f i e d  f o r  b o t h  t h e  t e s t  an d  t h e  
r e f e r e n c e  i s o l a t e .  P r o t e i n  p e r c e n t a g e  s i m i l a r i t i e s  
w e r e  c o l l a t e d  i n t o  a s c a l e ,  t h e  p r o t e i n  s i m i l a r i t y  
in d e x ,  w h ic h  i n d i c a t e d  t h e  r a n g e  o f  p r o t e i n  
p e r c e n t a g e  s i m i l a r i t i e s  show n b y d i f f e r e n t  i s o l a t e s  
t o  t h e  r e f e r e n c e  i s o l a t e .
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1 2 .2  Im m unostained  p r o f i l e s .
I n v e s t i g a t i o n  o f  im m u n o s ta in e d  p r o f i l e s  in v o l v e d
1 2 . 2 . 1  A n t i g e n i c  p r o f i l e  o f  S . la c r v m a n s  FPRL 1 2 C .
2 b a n d s a t  a p p r o x im a t e ly  180 k i l o - D a l t o n s  (kDa) and  12 
kDa w e r e  r e g u l a r l y  o b s e r v e d  i n  t h e  a n t i g e n i c  p r o f i l e  o f  
S . la c r y m a n s  FPRL 12C s t a n d a r d  m y c e liu m . T h e s e  b a n d s  
w e r e  u s e d  a s  t h e  fram ew ork  w i t h i n  w h ic h  t h e  p o s i t i o n s  o f  
t h e  s t a n d a r d  p r o t e i n s  and  a n t i g e n i c  s p e c i e s  i n  25 
s e p a r a t e  a n a l y s e s  o f  S . la c r v m a n s  FPRL 12C s t a n d a r d  
m y c e liu m  w e r e  c a l c u l a t e d .  T h is  r e s u l t e d  i n i t i a l l y  in  
d i s c r i m i n a t i o n  o f  a t o t a l  o f  19 a n t i g e n i c  s p e c i e s  i n  t h e  
p r o f i l e  o f  S . la c r y m a n s  FPRL 12C s ta n d a r d  m y c e liu m  w h ic h  
w e r e  s e q u e n t i a l l y  n u m b ered  1 (180  kDa) -  1 9 . L a t e r  
a n a l y s e s  r e v e a l e d  t h a t  a n t i g e n s  4 and 5 w e r e  r e g u l a r l y  
co m p o sed  o f  2 b a n d s s o  t h e s e  w e r e  in c o r p o r a t e d  i n t o  t h e  
r e f e r e n c e  a n t i g e n i c  p r o f i l e  o f  S . la c r v m a n s  a s  a n t i g e n s
4 .2 5  and  5 . 2 5 .  The a p p r o x im a te  m o le c u la r  w e ig h t  and  t h e  
p e r c e n t a g e  o c c u r r e n c e  o f  e a c h  o f  t h e s e  a n t i g e n s  i n  t h e  
25 a n a l y s e s  w as c a l c u l a t e d .
1 2 . 2 .2  A n t i g e n i c  p e r c e n t a g e  s i m i l a r i t y .
The r e l a t e d n e s s  o f  e a c h  t e s t  sa m p le  t o  t h e  s t a n d a r d  
p r e p a r a t i o n  o f  S . la c r v m a n s  FPRL 12C w as d e t e r m in e d  by  
i t s  a n t i g e n i c  p e r c e n t a g e  s i m i l a r i t y  w h ic h  w as o b t a in e d  
by c o m p a r is o n  o f  a t e s t  p r o f i l e  w i t h  t h e  21 a n t i g e n s  in  
t h e  r e f e r e n c e  p r o f i l e  e s t a b l i s h e d  f o r  FPRL 12C .
A n t i g e n i c  p e r c e n t a g e  s i m i l a r i t i e s  w e r e  c a l c u l a t e d  when  
10 a n t i g e n i c  s p e c i e s  c o u ld  b e  i d e n t i f i e d  f o r  b o t h  t h e  
t e s t  and  t h e  r e f e r e n c e  i s o l a t e .  A n t ig e n ic  p e r c e n t a g e  
s i m i l a r i t i e s  w e r e  c o l l a t e d  i n t o  a s c a l e ,  t h e  a n t i g e n i c  
p e r c e n t a g e  s i m i l a r i t y  in d e x ,  w h ic h  i n d i c a t e d  t h e  r a n g e
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o f  a n t i g e n i c  p e r c e n t a g e  s i m i l a r i t i e s  show n b y d i f f e r e n t  
i s o l a t e s  t o  t h e  r e f e r e n c e  i s o l a t e .
1 2 . 2 .3  D i a g n o s t i c  a n t i g e n s .
I d e n t i f i c a t i o n  o f  t h e  d i a g n o s t i c  a n t i g e n s  w h ic h  w e r e  
c h a r a c t e r i s t i c  o f  e a c h  f i e l d  m o r p h o lo g ic a l  form  w as 
u n d e r ta k e n  by  a n a l y s i s  o f  t r a c k s  w h ic h  d i s p l a y e d  t h e  
g r e a t e s t  num ber o f  a n t i g e n i c  s p e c i e s .  An a n t i g e n  w h ic h  
f e a t u r e d  i n  >70% o f  t h e  t r a c k s  a n a ly s e d  w as te r m e d  a 
d i a g n o s t i c  a n t i g e n .  D i a g n o s t i c  a n t i g e n s  f o r  e a c h  
m o r p h o lo g ic a l  form  w e r e  c o m p ile d  i n t o  t h e  d i a g n o s t i c  
a n t i g e n i c  p r o f i l e  w h ic h  fo rm ed  t h e  b a s i s  f o r  c o m p a r iso n  
b e tw e e n  m o r p h o lo g ic a l  fo rm s o f  S . la c r y m a n s . A n t i g e n i c  
s p e c i e s  w h ic h  w e r e  p r e s e n t  in  t h e  f i e l d  m o r p h o lo g ic a l  
fo rm s b u t  w e r e  n o t  p r e s e n t  in  t h e  r e f e r e n c e  t r a c k  o f  S . 
la c r y m a n s  FPRL 12C s ta n d a r d  m y c e liu m  w e r e  a l l o c a t e d  an  
a n t i g e n i c  num ber w h ic h  r e p r e s e n t e d  t h e i r  p o s i t i o n  in  
r e l a t i o n  t o  tw o  e s t a b l i s h e d  a n t i g e n i c  s p e c i e s  i n  t h e  
r e f e r e n c e  t r a c k .  S a m p les  a n a ly s e d  f o r  t h e  p r o d u c t io n  o f  
t h e  a p p r o p r ia t e  d i a g n o s t i c  a n t i g e n i c  p r o f i l e  f o r  e a c h  
fo rm  w e r e :  m y c e liu m  -  10 sa m p le s  from  s i t e  A in  3 
a n a l y s e s ;  b a s i d i o c a r p  -  3 s a m p le s  from  s i t e  C i n  2 
a n a l y s e s ;  and  s t r a n d  -  1 sa m p le  from  s i t e  A i n  4 
a n a l y s e s .
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CHAPTER 3 . THE MOLECULAR PROFILE OF S . la c ry m a n s .
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3 .1  G en era l in t r o d u c t io n .
S D S -P A G E /s ilv e r  s t a i n i n g ,  l e c t i n  s t a i n i n g  and  w e s t e r n  
b l o t t i n g  w e r e  u s e d  t o  e l u c i d a t e  t h e  n a t u r e  o f  t h e  
m o le c u la r  p r o f i l e  o f  a PBS s o l u b l e  e x t r a c t  from  
s ta n d a r d  m y c e liu m  o f  S . la c r y m a n s . P r e l im in a r y  s t u d i e s  
c o n c e n t r a t e d  on t h e  i s o l a t e  c h o s e n  a s  t h e  r e f e r e n c e  
c u l t u r e ,  FPRL 12C, a g a i n s t  w h ic h  c o m p a r is o n s  o f  o t h e r  
i s o l a t e s  w e r e  m ade. Im m u n o lo g ic a l s t u d i e s  w e r e  
i n i t i a t e d  u s i n g  t h e  d o t  im m u n o b in d in g  a s s a y  t o  
i n v e s t i g a t e  t h e  n a t u r e  o f  t h e  i n t e r a c t i o n  o f  t h e  
a n t is e r u m  r a i s e d  a g a i n s t  s t a n d a r d  m y c e liu m  o f  S . 
la c r y m a n s  FPRL 12C w i t h  a PBS e x t r a c t  o f  t h e  a n t i g e n .
The m ain  o b j e c t i v e s  o f  t h e  w ork  r e p o r t e d  in  t h i s  
c h a p t e r  w e r e
1 . To e s t a b l i s h  a r e f e r e n c e  p r o t e i n  p r o f i l e  f o r  a PBS 
s o l u b l e  e x t r a c t  o f  s t a n d a r d  m y c e liu m  o f  S . la c r y m a n s  
FRPL 12C .
2 .  To e x t e n d  t h e  s t u d i e s  d e t a i l e d  in  1 . t o  o t h e r  S . 
la c r y m a n s  i s o l a t e s .
3 . To d e v e lo p  an im m u n o lo g ic a l  p r o b e  f o r  S . la c r y m a n s .
4 .  To e s t a b l i s h  a r e f e r e n c e  a n t i g e n i c  p r o f i l e  f o r  t h e  
PBS s o l u b l e  e x t r a c t  o f  s t a n d a r d  m y c e liu m  o f  S . 
la c r v m a n s  FPRL 12C.
5 . To e x t e n d  t h e  s t u d i e s  d e t a i l e d  in  4 .  t o  o t h e r  S . 
la c r v m a n s  i s o l a t e s .
6 .  To com p are g l y c o p r o t e i n  p r o f i l e s  o f  s ta n d a r d  
m y c e liu m  o f  S ♦ la c r y m a n s  w i t h  t h e  p r o f i l e s  o b t a in e d  
i n  2 and 5 .
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3 .2  The p r o t e in  p r o f i l e  o f  S. la c r y m a n s .
3 . 2 . 1  The p r o f i l e  o f  S , la c r y m a n s  FPRL 12C .
The m o le c u la r  p r o f i l e  o f  S . la c r v m a n s  FPRL 12C w as  
i n v e s t i g a t e d  a f t e r  6 s e p a r a t e  a n a l y s e s .  P r o t e i n  
p a t t e r n s  v a r i e d  s l i g h t l y  i n  s u c c e s s i v e  g e l s  i n  t h a t  n o t  
a l l  b a n d s w e r e  e q u a l l y  w e l l  r e s o l v e d  on e a c h  o c c a s i o n .  
H ow ever , a l l  t r a c k s  w e r e  v i s u a l l y  s i m i l a r  an d  t h e  
r e s u l t s  f o r  o n e  e x p e r im e n t  a r e  show n i n  F ig u r e  5 . T h e se  
r e s u l t s  sh ow ed  t h a t  PBS s o l u b l e  e x t r a c t  from  t h e  
s t a n d a r d  m y c e liu m  o f  S . la c r y m a n s  FPRL 12C w as com p osed  
o f  30 -  50 p r o t e i n  b a n d s w h o se  m o le c u la r  w e ig h t s  r a n g e d  
from  13 -  160 kD a. The d e f i n i t i o n  and i n t e n s i t y  o f  
t h e s e  p r o t e i n s  v a r i e d  w i t h i n  a t r a c k ,  e s p e c i a l l y  t h o s e  
p r o t e i n s  >66 kDa, b u t  t h e  d i s p o s i t i o n  o f  t h e s e  m a jo r  
and  m in o r  p r o t e i n s  c o n t r i b u t e d  t o  t h e  im p r e s s io n  o f  
v i s u a l  s i m i l a r i t y  b e tw e e n  t r a c k s .  The t r a c k s  a n a ly s e d  
h ad  a t  l e a s t  29 p r o t e i n  b a n d s i n  common and  fo rm ed  a 
r e c o g n i s a b l e  p a t t e r n  w h ic h  w as s e e n  t o  b e  r e p r o d u c ib le  
e v e n  p r i o r  t o  m ore d e t a i l e d  a n a l y s i s .  The p r o t e i n  
p a t t e r n  f o r  m y c e l i a l  e x t r a c t s  fro m  s t a n d a r d  m y c e liu m  o f  
S . la c r v m a n s  FPRL 12C w as r e p r e s e n t e d  a s  a map ( F ig u r e  
6) t o  w h ic h  t h e  m o le c u la r  w e ig h t  o f  e a c h  p r o t e i n  band  
h a s  b e e n  a d d e d .
3 . 2 . 2  The p r o f i l e  o f  o t h e r  S . la c r y m a n s  i s o l a t e s .
A s t a n d a r d  m y c e l i a l  e x t r a c t  fro m  a c o l l e c t i o n  o f  
i s o l a t e s  o f  S . la c r v m a n s  w as a n a ly s e d  and com p ared  w it h  
t h e  s t a n d a r d  p r e p a r a t io n  o f  S . la c r v m a n s  FPRL 12C i n  
o r d e r  t o  d e t e r m in e  i f  t h e  p r o f i l e  e s t a b l i s h e d  f o r  S . 
la c r y m a n s  FPRL 12C w as u n iq u e  t o  t h a t  i s o l a t e .  The 
r e s u l t s  f o r  o n e  e x p e r im e n t  a r e  show n in  F ig u r e  7 and  a 
r e p r e s e n t a t i v e  map o f  t h e  a r r a n g e m e n t o f  t h e  p r o t e i n
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F ig u r e  5 : S D S -P A G E /silver  s t a i n  a n a ly s i s  o f  stan dard .
m y c e l ia l  e x t r a c t  o f  S . lacrym ans FPRL 12C.
M o l e c u l a r
w e i g h t
(kDa)
1 2 3 ^ 5 6






1 4 . 2
T r a c k s  1 a n d  6 r e p r e s e n t  m o l e c u l a r  w e i g h t  s t a n d a r d  p r o t e i n s .
T r a c k s  2 - 5  r e p r e s e n t  a n a l y s e s  o f  4 d i f f e r e n t  e x t r a c t s  of 
s t a n d a r d  m y c e l i u m  o f  S . l a c r y m a n s  F P R L  12C.
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F i g u r e  6 : D i a g r a m m a t i c  r e p r e s e n t a t i o n  o f  t h e  b a n d s  a s s o c i a t e d
w i t h  t h e  s t a n d a r d  m y c e l i u m  o f  S . l a c r y m a n s  F P R L  1 2 C  a n d  
t h e i r  r e s p e c t i v e  m o l e c u l a r  w e i g h t s  (kDa) c a l c u l a t e d  
f r o m  a n  a n a l y s i s  o f  t h e  t r a c k s  o f  6 d i f f e r e n t  e x t r a c t s  








(84 .5 +_ 3 .77)
(66 .1 +_ 2 .97)
(60 .7 +_ 0 .29)
(58 .0 2 . 62)
(55 .2 +_ 2 .84)
(51 .8 +_ 2 .86)
(44 .7 +_ 0 -75)
(41,.7 +_ 0 .52)
(39 ,.8 + 0 .57)
(38,.5 +_ 0 .00)
(35,.8 +_ 0 .29)
(34,.8 +_ 1,.35)
(34..1 +_ 0 ,.74)
(31,.9 + 0 ,.63)
(30,.8 +_ 0 ,.76)
(30..0 +_ 0 . 31)
(27 .,8 +_ 0 .52)
(26..1 +_ 0 .,38)
(23 ., 6 +_ 0 .,29)
(23 .,0 +_ 0 .,00)
(22 .3 +_ 0 .82)
(20. 3 +_ 0.,27)
(18. 8 + 0 ., 69)
(17. 6 +_ 0 .66)
(16. 6 +_ 0 .22)
(16. 0 0 .,00)
(15. 5 + 0 .00)
(14. 4 +_ 0 .22)
(13 .6 + 0 .29)
T r a c k  1 r e p r e s e n t s  m o l e c u l a r  w e i g h t  s t a n d a r d  p r o t e i n s . T r a c k  2 
r e p r e s e n t s  S . l a c r y m a n s  F P R L  1 2 C  s t a n d a r d  m y c e l i u m .
F i g u r e s  in p a r e n t h e s i s  i n d i c a t e  t h e  a r i t h m e t i c a l  m e a n  a n d  s a m p l e  
s t a n d a r d  d e v i a t i o n  o f  6 a n a l y s e s .
B a n d  i n t e n s i t y  M i n o r  p r o t e i n s : - - - - - l e a s t  i n t e n s e l y  s t a i n e d .
M a j o r  p r o t e i n s : i—  m e d i u m  s t a i n i n g  i n t e n s i t y .
j h h h b - m o s t  i n t e n s e l y  s t a i n e d .
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F ig u r e  7 : S D S -P A G E /silver s t a i n  a n a ly s i s  o f  v a r io u s  i s o l a t e s
o f  S. la c r y m a n s .
| • • • 5 * * • • 10 * • * 15 *19
T h e  m o l e c u l a r  w e i g h t  m a r k e r s  s h o w n  i n  t r a c k s  1  a n d  1 9  w e r e  
o f  t h e  f o l l o w i n g  s i z e s  : 1 4 . 2 ,  2 0 . 1 ,  2 4 ,  2 9 ,  3 6 ,  4 5  a n d  6 6  
k D a .
S . l a c r y m a n s  F P R L  1 2 C  i s  s h o w n  i n  t r a c k s  2 ,  4 ,  6 ,  8 ,  1 0 ,  1 2 ,  
1 4 ,  1 6  a n d  1 8 .
O t h e r  S .  l a c r y m a n s  i s o l a t e s  a r e  i n  t r a c k s  3  ( B F - 0 2 3 ) ;  5  ( B F -  
0 1 ) ;  7  ( B F - 0 5 0 ) ;  9  ( B F - 0 7 B ) ;  1 1  ( B F - 0 1 7 B ) ;  1 3  ( B F - 0 1 5 B ) ;  1 5  
( C M I  1 5 2 2 3 3 ) )  a n d  1 7  ( B F - 0 3 A ) .
_ _ _  r e p r e s e n t s  b a n d s  f o u n d  i n  m o s t  i s o l a t e s .
o  r e p r e s e n t s  d i f f e r e n c e s  b e t w e e n  B F - 0 5 0  a n d  F P R L  
1 2 C .
r e p r e s e n t s  b a n d s  u n i q u e  t o  B F - 0 1 5 B .
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b a n d s i n  S . la c r v m a n s  i s o l a t e s  i s  show n i n  F ig u r e  8 .  F or  
e a s e  o f  c o m p a r is o n  t h e  d i s t r i b u t i o n  o f  t h e  m a jo r  
p r o t e i n s  in  t h e  p r o f i l e s  a r e  p r e s e n t e d  i n  T a b le  5 .  The 
d a t a  i n d i c a t e  t h a t  t h e  m a j o r i t y  o f  i s o l a t e s ,  r e g a r d l e s s  
o f  t h e  d a t e  o f  o r i g i n a l  i s o l a t i o n  o r  t h e  g e o g r a p h ic a l  
l o c a t i o n  o f  t h e  i s o l a t e  s o u r c e ,  show  a p r o t e i n  b a n d in g  
p a t t e r n  w h ic h  i s  v i s u a l l y  s i m i l a r  t o  S . la c r y m a n s  FPRL 
12C s i n c e  m a jo r  p r o t e i n s  a t  1 6 , 1 6 .5 ,  1 7 . 5 ,  1 9 , 2 0 . 5 ,
2 6 , 2 8 ,  3 2 .5  and  42 kDa a r e  common t o  a l l  i s o l a t e s .  
A d d i t i o n a l l y ,  m a jo r  p r o t e i n s  a t  1 4 .5 ,  1 5 . 5 ,  2 2 . 5 ,  2 3 ,
3 1 , 3 5 , 3 8 . 5 ,  5 2 , 55 an d  58 kDa a r e  common t o  m o st  
i s o l a t e s .
E ven  th o u g h  m in o r  d i f f e r e n c e s  c a n  b e  o b s e r v e d  b e tw e e n  
som e t r a c k s  on  F ig u r e  7 t h e  o v e r - r i d i n g  v i s u a l  
im p r e s s io n  i s  t h a t  o n ly  2 i s o l a t e s ,  B F -0 5 0  ( t r a c k  7) and  
B F -015B  ( t r a c k  13 ) h a v e  p r o f i l e s  w h ic h , w h i l s t  sh o w in g  
s i m i l a r i t i e s  t o  12C, d i f f e r  n o t i c e a b l y  from  t h a t  o f  S . 
la c r y m a n s  FPRL 12C . T h is  i s  c o n f ir m e d  b y  T a b le  5 w h ic h  
i n d i c a t e s  t h a t  B F -015B  i s  l e a s t  s i m i l a r  t o  FPRL 12C . BF- 
050 d i f f e r s  from  FPRL 12C i n  t h a t  t h e  m a jo r  p r o t e i n s  a t
2 2 . 5 ,  3 5 , 55 and 58 kDa a r e  a b s e n t  and t h e r e  a r e  m a jo r  
p r o t e i n s  a t  5 5 .5  an d  57 kDa w h ic h  a r e  n o t  p r e s e n t  in  
FPRL 12C . A m ongst t h e  d i f f e r e n c e s  b e tw e e n  FPRL 12C and  
B F -015B  a r e  b a n d s o f  m o le c u la r  w e ig h t  o f  72 and  74 kDa 
( p r e s e n t  o n ly  i n  B F -015B ) and 1 4 .5 ,  1 5 .5 ,  2 2 . 5 ,  3 5 , 5 2 ,  
55 and  58 kDa ( p r e s e n t  o n ly  i n  FPRL 1 2 C ) .
3 . 2 . 3  D i s c u s s i o n .
S D S -P A G E /s ilv e r  s t a i n i n g  i s  a v a l u a b l e  t e c h n iq u e  w h ic h  
h a s  b e e n  w id e ly  u s e d  i n  m y c o lo g y  f o r  t h e  a n a l y s i s  o f
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F i g u r e  8 : D i a g r a m m a t i c  r e p r e s e n t a t i o n  o f  t h e  b a n d s  a s s o c i a t e d








1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
M o l e c u l a r  w e i g h t  m a r k e r s  (kDa) a r e  s h o w n  in t r a c k s  1 a n d  18.
S . l a c r y m a n s  F P R L  1 2 C  is r e p r e s e n t e d  in t r a c k s  2 a n d  17.
O t h e r  S . l a c r y m a n s  i s o l a t e s  a r e  s h o w n  in t r a c k s  3 (CMI 1 5 2 2 3 3 ) ;
4 ( B F - 0 1 ) ; 5 ( B F - 0 3 A ) ; 6 ( B F - 0 7 B ) ; 7 ( B F - 0 1 7 B ) ; 8 ( B F - 0 1 8 A ) ; 9 
( B F - 0 2 3 ); 10 ( B F - 0 2 5 ) ;  11 ( B F - 0 4 4 ) ; 12 ( B F - 0 4 6 ) ; 13 ( B F - 0 4 9 ) ;  14 
( B F - 0 7 2 ) ;  15 (BF -050)) a n d  16 ( B F - 0 1 5 B ) .
M a j o r  p r o t e i n s : m o s t  i n t e n s e l y  s t a i n e d .
m e d i u m  s t a i n i n g  i n t e n s i t y .
M i n o r  p r o t e i n s :  - - - - - -  l e a s t  i n t e n s e l y  s t a i n e d .
Page -  90
T a b le  5 : M ajor p r o t e i n  b a n d s  i n  S . la c r v m a n s  i s o l a t e s  a f t e r
S D S -P A G E /s ilv e r  s t a i n .
M o l e c u l a r i s o l a t e i s o l a t e i s o l a t e o t h e r
w e i g h t
(kDa)
F P R L  1 2 C B F - 0 5 0 B F - 0 1 5 B i s o l a t e s
74 _ _ ++ -
72 - - ++ -
58 ++ - - ++
57 - ++ + -
5 5 . 5 - ++ - -
55 + + - - ++
52 ++ + - ++
46 - ++ + -
42 ++ ++ ++ ++
3 8 . 5 + ++ - +
3 5 . 7 - ++ + -
35 ++ - - ++
3 4 . 5 - ++ - -
33 - ++ - -
3 2 . 5 + + + + +
31 + ++ - +
28 ++ ++ ++ ++
26 ++ ++ ++ ++
23 + ++ - +
2 2 . 7 - ++ - -
2 2 . 5 ++ - - ++
2 0 . 5 + + ++ ++ ++
19 + + ++ + + ++
1 7 . 5 ++ ++ + + ++
1 6 . 5 ++ ++ ++ ++
16 + + ++ + + ++
1 5 . 5 + + + + + + - + + +
1 4 . 5 ++ ++ - ++
+ + +  i n d i c a t e s  m a j o r  p r o t e i n s  o f  g r e a t e s t  s t a i n i n g  i n t e n s i t y .
+ + i n d i c a t e s  m a j o r  p r o t e i n s  o f  i n t e r m e d i a t e  s t a i n i n g  i n t e n s i t y .
+ i n d i c a t e s  m i n o r  p r o t e i n s  w h i c h  s t a i n e d  l e a s t ,  
i n d i c a t e s  n o  s t a i n i n g  d e t e c t a b l e .
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c o m p le x  m ix t u r e s  o f  p r o t e i n s  w h ic h  a r e  fo u n d  in  
e x t r a c t s  o f  f u n g a l  o r g a n is m s .  Wood d e c a y  B a s id io m y c e t e s  
s u c h  a s  H. annosum  (P a lfr e y m a n  e t  a l . , 1 9 9 0 ) ,  S . 
la c r v m a n s  (S ch m id t & K e b e r n ik , 1 9 8 9 ) ,  L . l e p i d e u s  
(G la n c y , 1 9 9 0 ) and  C. p u te a n a  (McD o w e ll  & P a lfr e y m a n ,  
1 9 9 2 ) ,  h a v e  b e e n  a n a ly s e d  b y  S D S -P A G E /s ilv e r  s t a i n i n g .  
N o t o n ly  c a n  in f o r m a t io n  on t h e  m o le c u la r  w e ig h t  o f  
s p e c i f i c  p r o t e i n s  b e  e s t i m a t e d  b u t  s i m i l a r i t i e s  and  
d i f f e r e n c e s  b e tw e e n  d i f f e r e n t  e x t r a c t s  c a n  b e  
d e t e r m in e d  by  c o m p a r is o n  o f  b a n d in g  p a t t e r n s .  The 
t e c h n iq u e  h a s  b e e n  u s e d  i n  t h i s  p r o j e c t  t o  d e m o n s ta te  
t h a t  t h e  m a j o r i t y  o f  S . la c r v m a n s  i s o l a t e s  s h a r e  a 
s i m i l a r  m o le c u la r  p r o f i l e  w hen grow n u n d e r  i d e n t i c a l  
c o n d i t i o n s  and t h e s e  c o n c l u s i o n s  a r e  i n  a c c o r d  w i t h  
t h o s e  o f  S ch m id t & K e b e r n ik  ( 1 9 8 9 ) .  T h a t d i f f e r e n t  
i s o l a t e s  o f  o t h e r  f u n g a l  s p e c i e s  s h a r e  a s i m i l a r  
m o le c u la r  p r o f i l e  w hen a n a ly s e d  b y  S D S -P A G E /s ilv e r  
s t a i n i n g  h a s  a l s o  b e e n  d e m o n s tr a te d  i n  o t h e r  
B a s id io m y c e t e s ,  e . g .  G. tra b eu m  (P a lfr e y m a n  e t  a l . ,  
1 9 9 0 ) ,  C. p u te a n a  (McD o w e ll & P a lfr e y m a n , 1 9 9 2 ) and  H. 
annosum  ( G a lb r a i t h ,  p e r s o n a l  c o m m u n ic a t io n ) ; and  f o r  
o t h e r  f u n g a l  o r g a n is m s ,  e . g .  S c l e r o t i n i a  ( J e l l i s ,  S m ith  
& S c o t t ,  1 9 9 0 ) ;  and  G aeum annom yces g r a m in is  v a r  t r i t i c i  
and  P h ia lo p h o r a  sp p  (Maas e t  a l . ,  1 9 9 0 ) .
S in c e  S D S -P A G E /s ilv e r  s t a i n i n g  h a s  i n d i c a t e d  
s i m i l a r i t i e s  and d i s s i m i l a r i t i e s  b e tw e e n  i s o l a t e s  o f  S . 
la c r v m a n s  i t  w o u ld  a p p e a r  t h a t  t h e  t e c h n iq u e  h a s  
p o t e n t i a l  n o t  j u s t  f o r  t h e  s t u d y  o f  t h e  p r o t e i n  n a t u r e  
o f  S . la c r v m a n s  b u t  a l s o  f o r  o r g a n is m  i d e n t i f i c a t i o n .  
The d i s s i m i l a r i t y  o f  p r o t e i n  p r o f i l e  show n b y tw o  
i s o l a t e s  o f  S . la c r v m a n s  p o s s i b l y  i n d i c a t e s  t h a t  t h e s e
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organisms were mistakenly identified  as S♦ lacrymans 
but, as yet, no obvious differences in morphological 
features of the iso la te s , their place of iso lation  or 
their growth rate (Cymorek & Hegarty, 1986) have been 
established to further d ifferentiate them from the 
other iso la tes  of S♦ lacrymans. However, Schmidt & 
Kebernik (1989), using SDS-PAGE/silver stain  backed up 
by growth studies, have indicated that BF-015B is  not 
an iso la te  of S. lacrymans but rather a taxonomically 
closely  related species.
The possession of common proteins could suggest either  
a close taxonomic relationship or that these proteins 
are ubiquitous fungal proteins. Interestingly, in sp ite  
of the difference between iso la te  FPRL 12C and BF-050 
which was indicated by protein p ro files , Schmidt 
(personal communication) was convinced that BF-050 was 
an iso la te  of S. lacrymans; with the implication that 
some variation in protein p rofile  was to be expected 
between iso la tes  of a species. This implication is  
illu stra ted  in the project by minor differences seen 
between the iso la tes  which most closely  resemble the 
reference iso la te , FPRL 12C. These resu lts are in 
accord with studies on G. trabeum and H.annosum 
(Palfreyman et a l ., 1990), C. puteana (McDowell & 
Palfreyman, 1992), ; and non-Basidiomycetes such as 
Sclerotinia (J e ll is , Smith & Scott, 1990) and 
Aspergillus fumigatus (Hearn et a l ., 1990) iso la tes and 
illu s tra te  that strains of the same species vary within 
cultural lim its (Foster, 1949).
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3.3 Development o f an immunological probe for  S. lacrvm ans.
3.3.1 In it ia l dot immunobinding assay.
The immunodot assay was used to determine i f  antibodies 
had been produced to the sp ecific  antigen. Results 
indicated that the reactiv ity  of the sp ecific  
antiserum, diluted 1:400, declined below an antigen 
concentration of 1.56 mg/ml since th is was the lowest 
concentration at which a positive reaction of 4 was 
scored in the primary antiserum dilution assay.
However, since there was a high degree of non-specific  
binding of antiserum to the n itrocellu lose alternative 
buffers were investigated to overcome th is  problem. It 
was found that PBS/B eliminated the non-specific  
binding of antiserum to the membrane and was adopted as 
the standard buffer in subsequent immunodot assays.
There was also an apparent reaction between S. 
lacrymans and the control serum (Figure 9A, tracks 1 - 
3), even at the lowest concentration of the antigen 
(Figure 9A, track 1), which was not observed in the 
other fungal organisms (tracks 4 - 17). However, 
analysis of th is reaction indicated that the second 
antibody, the peroxidase linked anti-rabbit IgG, was 
binding to the antigen. A variety of procedures were 
investigated to reduce th is binding, including an 
analysis of the effect of ionic and non-ionic 
detergents in sample preparation. Ionic detergents, 
especially  SDS, markedly reduced the binding of the 
second antibody to the antigen and eliminated the 
apparent reaction of control serum with antigen.
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F i g u r e  9  : T h e  u s e  o f  t h e  d o t  i m m u n o b i n d i n g  a s s a y  t o
i n v e s t i g a t e  t h e  c r o s s  r e a c t i v i t y  o f  t h e  a n t i s e r u m  
t o  S .  l a c r y m a n s  F P R L  1 2 C .
F i g u r e  9 A .
N R S  u s e d  a s  
A b l  a t  
1 : 4 0 0 .
F i g u r e  9 B .
A n t i s e r u m  
t o  S . 
l a c r y m a n s  
F P R L  1 2 C  
u s e d  a s  A b l  
a t  1 : 4 0 0 .






l , * l v *  * 4 + lb it *1 »S i* a  a
ft V *
9 ■
•  ft •  • •  •
t _ *
•  ft
• 1 « < 
ft ft ft ft
• •
ft ft % 
1 1  % •  ft t  1 •  • % 9
4ft JjV
t 4
ft •  ft •  % % ‘ft % ft ft ft
I i
1  •  % •  • + • •  ft % ft
ft •  • # "ft* ft ft •
• •
ft •  ft •  • ft ft ft •
% © % # #
» • 1 • • • ft 1 • • ft • 9 9 • • • 1
1 i  \ a. 4 + ID U IL Mf IV 14 »4
F u n g a l  a n t i g e n s  w e r e  p r e p a r e d  f r o m  a n  i n i t i a l  2 5  m g / m l  ( t o p  
r o w  o f  t r a c k s  1 - 1 7 )  i n  8  d o u b l i n g  d i l u t i o n s  i n  P B S .
T h e  f u n g a l  o r g a n i s m s  r e p r e s e n t e d  i n  t r a c k s  1 - 1 7  a r e  a s  
f o l l o w s  : S . l a c r y m a n s  F P R L  1 2 C  ( 1 ) ;  S .  l a c r y m a n s  C M I  1 5 2 2 3 3  
( 2 ) ;  S .  l a c r y m a n s  B F - 0 1  ( 3 ) ;  P .  p l a c e n t a  ( 4 ) ;  C .  p u t e a n a  
( 5 ) ;  G .  s e p i a r i u m  ( 6 ) ;  G .  t r a b e u m  ( 7 ) ;  L .  l e p i d e u s  ( 8 ) ;  C . 
v e r s i c o l o r  ( 9 ) ;  S .  s a n g u i n o l e n t u m  ( 1 0 ) ;  H .  a n n o s u m  ( 1 1 ) ;  S . 
c o m m u n e  ( 1 2 ) ;  P .  o s t r e a t u s  ( 1 3 ) ;  C .  r e s i n a e  ( 1 4 ) ;  P . 
v a r i o t t i  ( 1 5 ) ;  T .  p o l y s p o r u m  ( 1 6 ) ;  a n d  T .  h a r z i a n u m  ( 1 7 ) .
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The immunodot assay was used to investigate the 
reactiv ity  of the antiserum to fungal organisms other 
than S♦ lacrymans FPRL 12C. S. lacrvmans iso la tes  CMI 
152233 and BF-01 reacted with the antiserum to iso la te  
FPRL 12C (Figure 9B, tracks 2 and 3) but marked cross 
reactiv ity  was observed with the other fungi 
investigated (Figure 9B, tracks 4 - 1 7 )  although S. 
commune, P. ostreatus and the non-Basidiomycetes 
(Figure 9B, tracks 12 - 17) had limited cross 
reactiv ity  at lower concentrations of the antigen. In 
an attempt to reduce th is cross reactiv ity  alternative  
preparation methods of the antigen were investigated. 
Marked cross reactiv ity  was observed with a ll  the other 
fungi when the soluble antigen extract was prepared in 
Tween but treatment with SDS improved the sp ec ific ity  
of the antiserum for S. lacrymans in that l i t t l e  cross 
reactiv ity  was observed with any of the other fungi. 
However, treatment with either detergent resulted in a 
drastic loss of signal against S. lacrymans.
3.3.2 Discussion.
The reaction of the antiserum to S. lacrvmans FPRL 12C 
with S. lacrvmans iso la tes  indicated that the 
immunisation protocol had produced antibodies that 
could react with S. lacrvmans. However, since there was 
a high degree of cross reactiv ity  with the other fungal 
organisms tested  i t  was concluded that the antiserum 
developed in the project does not show a high 
sp ec ific ity  for S. lacrymans. The high degree of cross 
reactiv ity  found with the S. lacrymans antiserum is  not 
surprising given results in other areas of mycology 
(Pepys Sc Longbottom, 1979). Since basidiomycete fungi 
have both common and unique components extensive
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antigenic cross reaction could occur and, additionally  
in support of the resu lts of the present study, i t  was 
found that, f ir s t ly ,  the mycelium from P. placenta 
cross reacted strongly with antisera raised against L. 
lepideus and C. versicolor (Palfreyman et a l . , 1987) 
and, secondly, antiserum raised against mycelium of C. 
puteana showed considerable cross reactiv ity  (McDowell 
& Palfreyman, 1992). Whilst detergent treatment of the 
antigen lowered cross reactiv ity  with other fungal 
organisms i t  sim ilarly lowered reactiv ity  with the 
sp ecific  antigen so i t  is  probable that the high degree 
of cross reactiv ity  shown by the test antiserum towards 
a ll  the other fungi is  a representative picture of the 
true degree of cross reactiv ity .
The binding of the second antibody to the antigen was 
presumably non-specific and i t  is  possible that 
commercial preparations of th is serum were made from 
animals which had been inadvertantly exposed to cross 
reacting fungal antigens (Pepys & Longbottom, 1979) . 
Interestingly, Palfreyman et a l . (1987) noted that a
number of d ifferent fungi showed some apparent reaction 
with control sera, the brown rot organism P. placenta 
being particularly reactive. However, in the present 
study S. lacrymans was the only species to show th is  
characteristic and, in support of the present findings, 
McDowell & Palfreyman (1992) found that C. puteana did 
not bind experimental control components. The reduction 
by SDS of the binding of the second antibody is  a 
factor which undoubtedly aided in subsequent 
immunoblotting experiments.
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3 .4  The a n tig en ic  p r o f i le  o f S. lacrvm ans.
3.4.1 The p rofile  of S. lacrvmans FPRL 12C.
Western b lotting experiments indicated, f ir s t ly , that 
in th is system there was no binding between 
experimental control components and antigen and, 
secondly, that the p rofile  was mainly composed of 
diffuse antigenic bands although occasional sharply 
defined proteins were detected (Figure 10). Attempts to 
improve the defin ition  of a ll  bands involved 
investigation of a number of procedures related to 
either experimental technique or the preparation of 
samples. The most successful of these were related to 
sample preparation and involved either the use of 
inhibitors of proteolysis or processing of samples in 
PBStboiling mix at 4°C followed by heating at 100°C for 
3 min (track 7). The la tter  procedure was used 
subsequently though the major antigenic bands of S. 
lacrymans were s t i l l  d iffuse and the overall antigenic 
p rofiles remained less well defined than the comparable 
protein p ro files .
Figure 11 (track 3) illu stra te s  a representative 
antigenic p rofile  for S. lacrvmans FPRL 12C standard 
mycelium. The antigenic p rofile  of standard mycelial 
extract of S. lacrvmans FPRL 12C was investigated after  
25 separate analyses. All tracks were v isu ally  similar 
and each was composed of at least 19 id en tifiab le  
antigenic regions. Figure 12 shows the antigenic 
p rofile  associated with S. lacrvmans FPRL 12C standard 
mycelium and the antigenic number (also shown on Figure
11) assigned to each constituent antigen for ease of 
reference. The approximate molecular weight assigned to
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Figure 10: The e f fe c t  of ex tra ctio n  con d ition s on the
a n tig en ic  p r o f i le  of S. lacrymans FPRL 12C.
1 • 5 * * * • 10 ‘ * 13
.afciti: a
—  - > — *
T r a c k s  1  a n d  1 3  r e p r e s e n t  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  p r o t e i n s .
T r a c k s  2  a n d  1 2  a r e  t h e  s t a n d a r d  p r e p a r a t i o n  o f  S . l a c r y m a n s  F P R L
12C.
S a m p l e s  o f  F P R L  1 2 C  i n  t r a c k s  4 ,  6 ,  8  a n d  1 0  w e r e  e x t r a c t e d  a t  R / T  
a n d  t h o s e  i n  t r a c k s  3 ,  5 ,  7 ,  9  a n d  1 1  a t  4 ° C .
S a m p l e s  i n  t r a c k s  7 ,  8 ,  9  a n d  1 0  w e r e  e x t r a c t e d  d i r e c t l y  i n t o
b o i l i n g  m i x  a n d  e i t h e r  h e a t e d  a t  1 0 0 ° C  f o r  3  m i n  p r i o r  t o  
s t o r a g e  a t  - 2 0 ° C  ( 7 ,  8 )  o r  s t o r e d  i m m e d i a t e l y  a t  - 2 0 ° C  ( 9 ,  
10) .
S a m p l e s  i n  t r a c k  1 1  w e r e  k e p t  a t  4 ° C  u n t i l  s t o r a g e  a t  - 2 0 ° C .
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F i g u r e  1 1 : T h e  a n t i g e n i c  p r o f i l e ,  a n d  t h e  a n t i g e n i c  n u m b e r  
a s s i g n e d  t o  e a c h  a n t i g e n ,  o f  S .  l a c r y m a n s  F P R L  
1 2 C  s t a n d a r d  m y c e l i u m  a f t e r  w e s t e r n  b l o t t i n g  
u s i n g  a  p o l y c l o n a l  a n t i s e r u m  r a i s e d  a g a i n s t  S . 
l a c r y m a n s  F P R L  1 2 C .
M o l e c u l a r  A n t i g e n i c
w e i g h t  n u m b e r
( k D a )
1 2  3
T r a c k s  1  a n d  2  r e p r e s e n t  h i g h  a n d  l o w  m o l e c u l a r  w e i g h t  
s t a n d a r d  p r o t e i n s .  T r a c k  3  s h o w s  t h e  a n t i g e n i c  p r o f i l e  o f  S . 
l a c r y m a n s  F P R L  1 2 C  s t a n d a r d  m y c e l i u m  p r e p a r e d  a t  a  
c o n c e n t r a t i o n  o f  6 . 2 5  m g / m l .
( o )  i n d i c a t e s  w e l l  d e f i n e d  a n t i g e n s .  
( . )  i n d i c a t e s  m a j o r  d i f f u s e  a n t i g e n s .
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Figure 12: Diagram of the antigenic p rofile  of S♦ lacrymans FPRL 12C standard mycelial extract (25 tracks analysed).
Ant icrenic Antigenic Approximate Percentage
p r o f i l e number molecular weight occurrence
25 tracks
1 180 10 0
2 160 20
3 116 10 0
4 97.5 10 0








///////// 1 1 41.5 - 42.5 10 0
12 33 80
13 30 - 31 52
14 23.5 - 24.5 72
15 22.5 72





each molecular species and i t s  percentage occurrence in 
the 25 tracks analysed is  also shown in Figure 12.
The p rofile  is  composed of a variety of major and minor 
antigenic species whose approximate molecular weights 
range from 12 to 180 kDa. Most are of a d iffuse nature, 
with 2 notable diffuse major antigens represented at 51 
- 54.5 kDa (antigen 7) and 41.5 - 42.5 kDa (antigen 11) 
but 2 well defined antigens are represented at 57 kDa 
(antigen 6) and 43 kDa (antigen 10). A well defined 
antigen (44 kDa, antigen 9) which was represented in 
some other tracks of S. lacrymans FPRL 12C standard 
mycelium is  not obvious in Figure 11. The p rofile  
includes 21 antigens because analyses of recent 
p rofiles of S. lacrymans FPRL 12C indicated that 
antigens 4 and 5 were each regularly composed of two 
d istin ct bands. These molecular species were 
incorporated into the 21 components of the antigenic 
p rofile  as antigens 4.25 and 5.25. However, only 6 of 
the to ta l possible antigens were present in the p rofile  
of a ll  tracks analysed. These included antigens at the 
extremes of the molecular weight range (antigens 1 and 
19) and one of the diffuse major antigens (antigen 11).
3.4.2 The p rofile  of other S. lacrymans is o la te s . 
Standard mycelium from other iso lates of S. lacrvmans 
was analysed and compared with the standard preparation 
of the reference iso la te  FPRL 12C. The resu lts for one 
experiment are shown in Figure 13. Comparisons of the 
antigenic p rofile  of a ll  the S. lacrymans iso la tes  
indicated that most iso la tes  visually resembled S. 
lacrvmans FPRL 12C and with one exception, iso la te  BF- 
015B (track 2), a ll  iso la tes  (tracks 3 - 15) possessed
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Figure 13: The a n tig en ic  p r o f i le  of S . lacrymans i s o la t e s .







T r a c k s  1  a n d  1 6  r e p r e s e n t  e x t r a c t s  o f  S . l a c r y m a n s  F P R L  1 2 C .  
T r a c k s  2 - 1 5  r e p r e s e n t  t h e  f o l l o w i n g  i s o l a t e s  o f  S . l a c r y m a n s :
B F - 0 1 5 B  ( 2 ) ;  B F - 0 5 0  ( 3 ) ;  B F - 0 7 2  ( 4 ) ;  B F - 0 4 9  ( 5 ) ;  B F - 0 4 6  ( 6 ) ;  
B F - 0 4 7  ( 7 ) ;  B F - 0 2 5  ( 8 ) ;  B F - 0 2 3  ( 9 ) ;  B F - 0 1 8 A  ( 1 0 ) ;  B F - 0 1 7 B  
( 1 1 ) ;  B F - 0 7 B  ( 1 2 ) ;  B F - 0 3 A  ( 1 3 ) ;  B F - 0 1  ( 1 4 )  a n d  C M I  1 5 2 2 3 3  
( 1 5 )  .
T h e  b a n d s  i n d i c a t e d  t h u s  ( o )  r e p r e s e n t  m a j o r  a n t i g e n s  o f  4 1 . 5  -  
4 2 . 5  ( a n t i g e n  1 1 )  a n d  5 1  -  5 4 . 5  ( a n t i g e n  7 )  k D a  f o u n d  i n  S . 
l a c r y m a n s  F P R L  1 2 C  s t a n d a r d  m y c e l i u m .
T h e  b a n d s  i n d i c a t e d  t h u s  ( . )  r e p r e s e n t  d i f f e r e n c e s  b e t w e e n  B F - 0 1 5 B  
a n d  F P R L  1 2 C .
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an tigen s found in  the p r o f i le  o f S. lacrymans FPRL 12C
(Figure 12) even though differences were observed 
between individual p ro files . Most iso la tes possessed 
antigens 1, 3; the major antigens 7 and 11; and 19. The 
p rofile  of iso la te  BF-015B did not possess antigens 17 
- 1 9 ,  15 or 12 and it  possessed two antigens between
97.5 - 116 kDa found in no other S. lacrymans iso la te  
(Figure 13, track 2).
The relationship between the antigenic and SDS- 
PAGE/silver stained profiles of S. lacrymans FPRL 12C 
was investigated and the resu lts are shown in Figure 
14. Table 6 summarises the information presented in 
Figures 6, 12 and 14. This indicates, f ir s t ly , that 
some proteins are not antigens, e .g . those at 84.5,
60.5, 58, 34 -40 and 14.5 - 19 kDa; and secondly, that 
antigens 1 - 4.25 (>66 kDa) and the well defined 
antigens 6, 9 and 10 are proteins which are not easily  
detected with SDS-PAGE/silver stain . Some antigens 
which correspond to SDS-PAGE/silver stained proteins 
are antigens 5 (66 kDa), 13 (30 -31 kDa) and 15 (22.5 
kDa). Interestingly, some d iffuse antigens, e .g . 14, 16 
and the major antigens 7 and 11, each appear to 
correspond to just one defined protein band on SDS- 
PAGE/silver stained gels.
3.5 The glycoprotein components of S. lacrvmans.
Lectin binding patterns were investigated in order to 
further analyse the molecular p rofiles of iso la tes  of 
S. lacrymans. The results are shown in Figure 15 (WGA) 
and Figure 16 (Con A) which both indicate a diffuseness
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F i g u r e  1 4 : T h e  r e l a t i o n s h i p  b e t w e e n  S D S - P A G E / s i l v e r  s t a i n e d  
p r o t e i n s  a n d  t h e  a n t i g e n i c  p r o t e i n s  o f  s t a n d a r d  




2 4 / 2 9
20.1
1 4 . 2
1 2 3 4 5 6  7 8 9 10 11 12 13 14
r n p * f




2 4 / 2 9
20.1
1 4 . 2
A B C
S e c t i o n s  A  -  C  w e r e  o b t a i n e d  f r o m  o n e  g e l .  S e c t i o n  A  r e p r e s e n t s
S D S - P A G E / s i l v e r  s t a i n e d  g e l ;  s e c t i o n  B  r e p r e s e n t s  I n d i a  i n k  
s t a i n e d  m e m b r a n e  a f t e r  e l e c t r o b l o t t i n g ;  a n d  s e c t i o n  C  
r e p r e s e n t s  t h e  i m m u n o s t a i n e d  p o r t i o n  o f  t h e  m e m b r a n e .
T r a c k s  1 ,  6 ,  7  a n d  1 1  r e p r e s e n t  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k s  2 - 5 ,  8 - 1 0  a n d  1 2  -  1 4  r e p r e s e n t  s t a n d a r d  m y c e l i a l  
e x t r a c t  o f  S . l a c r y m a n s  F P R L  1 2 C  a t  6 . 2 5  m g / m l .
o  i n d i c a t e s  p r o t e i n s  w h i c h  a r e  n o t  a n t i g e n s .
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Table 6: Protein identity  of antigens identified  by westernblotting of S. lacrymans FPRL 12C standard mycelium.
Protein regions i d e n t i f i e d  in S. lacrymans FPRL 12C mycelium.
Approximate molecular Antigen SDS-PAGE/ Lecti:
weight (kDa) number s ilver  stain stain
180 1 _ o
160 2 - -
116 3 - -
97.5 4 - o
95.5 4.25 - o
84.5 - + -
66 5 + o
6 4.5 5.25 - -
58 - 60.5 - + -
57 6 - -
55 - + -
54.5 7 - o
52 7 + o
51 7 - o
49 8 - -
45 - + -
44 9 - -
43 10 - -
42.5 11 - 7
42 11 + 7
41.5 11 - 7
34 - 40 - + -
33 12 - -
32 - + -
31 13 + -
30 13 + -
26 - 28 - + -
24.5 14 - -
23.5 14 + -
23 - + -
2 2 .5 15 + -
2 0 .5 16 + -
19.5 16 - -
14.5 - 19 - + -
14 17 - -
13.5 - + -
13 18 - -
12 19 - -
+ indicates protein demonstrated by technique.
- indicates protein nature not demonstrated by technique, 
o indicates glycoprotein demonstrated by technique.
? indicates dubiety about nature of band.
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F i g u r e  1 5 ; A n a l y s i s  o f  t h e  w h e a t  g e r m  a g g l u t i n i n  b i n d i n g
p r o t e i n s  o f  e x t r a c t s  o f  s t a n d a r d  m y c e l i u m  f r o m  a  
r a n g e  o f  S .  l a c r y m a n s  i s o l a t e s .
T r a c k s  1  a n d  1 7  r e p r e s e n t  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k s  2 - 1 6  r e p r e s e n t  t h e  f o l l o w i n g  i s o l a t e s  o f  S .
l a c r y m a n s : B F - 0 7 2  ( 2 ) ;  B F - 0 4 9  ( 3 ) ;  B F - 0 4 6  ( 4 ) ;  B F - 0 4 4
( 5 ) ;  B F - 0 2 5  ( 6 ) ;  B F - 0 2 3  ( 7 ) ;  B F - 0 1 5 B  ( 8 ) ;  B F - 0 5 0  ( 9 ) ;  
B F - 0 1 8 A  ( 1 0 ) ;  B F - 0 1 7 B  ( 1 1 ) ;  B F - 0 7 B  ( 1 2 ) ;  B F - 0 3 A  ( 1 3 ) ;  
B F - 0 1  ( 1 4 ) ;  C M I  1 5 2 2 3 3  ( 1 5 )  a n d  F P R L  1 2 C  ( 1 6 ) .
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F i g u r e  1 6 : A n a l y s i s  o f  t h e  C o n c a n a v a l i n  A  b i n d i n g  p r o t e i n s  
o f  e x t r a c t s  o f  s t a n d a r d  m y c e l i u m  o f  S . l a c r y m a n s  
i s o l a t e s .
• * * 5  » » « . 10 * » » * 15
T r a c k s  1  a n d  1 6  r e p r e s e n t  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k s  2 - 1 5  r e p r e s e n t  t h e  f o l l o w i n g  i s o l a t e s  o f  S . 
l a c r y m a n s : B F - 0 7 2  ( 2 ) ;  B F - 0 4 9  ( 3 ) ;  B F - 0 4 4  ( 4 ) ;  B F - 0 2 5  ( 5 ) ;  
B F - 0 2 3  ( 6 ) ;  B F - 0 1 5 B  ( 7 ) ;  B F - 0 5 0  ( 8 ) ;  B F - 0 1 8 A  ( 9 ) ;  B F - 0 1 7 B
( 1 0 ) ;  B F - 0 7 B  ( 1 1 ) ;  B F - 0 3 A  ( 1 2 ) ;  B F - 0 1  ( 1 3 ) ;  C M I  1 5 2 2 3 3  ( 1 4 )  
a n d  F P R L  1 2 C  ( 1 5 ) .
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in the staining pattern associated with each glycoprotein. 
The pattern of binding with each lectin  d iffers but each 
indicates that there are minor differences between most 
iso la te s . Essentially, however, a ll  iso la tes except one, BF- 
015B, have similar glycoprotein p ro files . The result of an 
investigation into the glycoprotein nature of the antigens 
of S. lacrymans are shown in Figure 17 which indicates that, 
in sp ite of the fact that only glycoproteins >36 kDa 
stained, some of the antigens are glycoproteins, e .g . 
notably antigens 1, 4, 4.25, 5, d iffuse major antigen 7 and, 
possibly, 11. Whilst some antigens are unlikely to be 
glycoproteins, e .g . antigens 3, 6 and 8, other glycoproteins 
are not antigens, e .g . the prominent glycoprotein at 72 kDa.
3.6 Discussion.
The lack of apparent binding of control serum with antigen 
after western blotting was predicted by it s  elimination 
after SDS treatment of the antigen sample prior to use for 
the immunodot binding assay. Solubilisation of proteins in 
the antigen sample by the SDS component of boiling mix 
possibly causes conformational changes which affect the 
appropriate epitopes. That the number of molecular species 
id en tified  in S. lacrymans FPRL 12C standard mycelium with 
the antiserum to S. lacrvmans FPRL 12C standard mycelium was 
le ss  than the number id entified  by SDS-PAGE/silver stain  was 
expected since not a ll  proteins are necessarily immunogenic. 
These resu lts are in accord with SDS-PAGE/silver staining 
and western b lotting analysis of other Basidiomycetes, e .g . 
H. annosum (Galbraith, 1992).
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F i g u r e  1 7 : T h e  g l y c o p r o t e i n  n a t u r e  o f  t h e  a n t i g e n s  o f  t h e  
s t a n d a r d  m y c e l i u m  o f  S .  l a c r y m a n s  F P R L  1 2 C .
T r a c k  7  r e p r e s e n t s  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  p r o t e i n s .
T r a c k s  8  a n d  1 2  r e p r e s e n t  h i g h  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k s  1 - 6  r e p r e s e n t  S .  l a c r y m a n s  F P R L  1 2 C  s t a n d a r d  
m y c e l i u m  s t a i n e d  f o r  g l y c o p r o t e i n s  w i t h  t h e  D I G  
G l y c a n  d e t e c t i o n  k i t .
T r a c k  9  r e p r e s e n t s  S .  l a c r y m a n s  F P R L  1 2 C  s t a i n e d  w i t h  I n d i a  
i n k .
T r a c k s  1 0  a n d  1 1  r e p r e s e n t  i m m u n o s t a i n e d  S .  l a c r y m a n s  F P R L  
12 C .
o  i n d i c a t e s  a n t i g e n s  w h i c h  a r e  g l y c o p r o t e i n s .
.  i n d i c a t e s  g l y c o p r o t e i n  w h i c h  i s  n o t  a n  a n t i g e n .
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The use of peroxidase labelled lectin s to detect 
glycoproteins blotted onto n itrocellu lose has been reported 
by several authors (Glass, Briggs & Hnilica, 1981; Kijimoto- 
Ochiai, Katagiri & Ochiai, 1985). The present study 
indicated that most of the antigens detected in S. lacrymans 
were glycoproteins. These results might have been predicted 
since polysaccharides usually comprise more than 75% (by 
weight) of the isolated  fungal c e ll  wall (Rosenberger, 1976) 
and glycoproteins and amorphous glucans predominate in the 
two outer walls of aged mycelium of some Basidiomycetes, 
e .g . S. commune, (Hunsley & Burnett, 1970). Additionally, 
other studies on purified, or p artia lly  purified, fungal 
antigenic components have id entified  the important role of 
carbohydrate (Hayashi e t_ a l., 1978; Schumacher et a l ., 1975) 
and glycoproteins (Gander, 1974; Graves et a l ., 1986; Hearn 
& Mac Kenzie, 1979; 1980) in fungal antigenicity.
The d issim ilarity  observed between the staining patterns of 
glycoproteins id en tified  by WGA and Con A was to be expected 
since each lectin  has an a ffin ity  for different sugar 
residues. N-acetyl-p-D-glucosaminyl residues and p-D- 
glucosamine oligomers are the targets for WGA binding, 
whilst Con A has an a ffin ity  for a-D-mannosyl and a-D- 
glucosyl residues (Sigma) and the staining indicates 
sign ificant amounts of these sugar residues in S. lacrymans. 
The variation shown in the frequency with which many of the 
antigens featured in the p rofile  of S. lacrymans FPRL 12C 
standard mycelium mirrored similar variation between samples 
of standard mycelium of S. lacrymans FPRL 12C analysed by 
SDS-PAGE/silver staining and lectin  staining. These resu lts  
emphasised that th is molecular variation is  unlikely to be 
attributable to growth in uncontrolled conditions and 
indicates the existence of alternative sources of variation
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w ith in  standard mycelium of S . lacrymans FPRL 12C which
possibly relate to the genome.
The 2 major antigenic bands routinely detected in the 
standard preparation of S. lacrymans FPRL 12C (antigens 7 
and 11) exhibited two sp ecific  features. F irstly , they do 
not correspond d irectly  to any proteins detected in SDS- 
PAGE/silver stained p rofiles; th is indicates either the high 
antigenicity of certain molecular components present at low 
levels  in S. lacrvmans FPRL 12C or a resistance of these 
components to the staining method of Blum, Beier & Gross 
(1987). Similar discrepancies have been reported in both 
overall banding patterns and the nature of bands within the 
patterns in SDS-PAGE/silver stained gels and western blots 
for Aspergillus fumigatus (Hearn et a l ., 1990), L. lepideus 
(Glancy, 1990) and C. puteana (McDowell, 1992). Secondly, in 
contrast to the sharp banding patterns found on silver  
stained gels the major antigens appeared as very broad, 
in d istin ct bands. Two possible explanations can be proposed 
for th is; either the major antigens have been degraded as a 
result of experimental procedures prior to antigen staining 
or the broad bands may represent extensively modified 
molecular species which are components of some aspect of 
mycelial structure or function. However, the occurrence of 
excessive proteolysis is  not indicated since rigorous 
precautions to prevent protein degradation during the 
extraction of S. lacrymans antigens had l i t t l e  effect on the 
nature of the major antigens and India ink staining showed 
sharp banding patterns. Both features of the major 
antigenic bands are consistent with their previously 
established identity  as highly antigenic glycoproteins; and 
the importance of glycoproteins as fungal antigens is  well 
documented (Gander, 1974; Wycoff, Je llison  & Ayers, 1987;
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Hearn, G riffiths & Gorin, 1989). Antigens represented by 
defined bands are proteins which are possibly non- 
glycosylated, e .g . antigen 6.
That the antigenic bands are probably not representative of 
processes external to the standard mycelium, i . e .  enzymes 
concerned with substrate degradation, is  indicated by the 
use of washed mycelium as immunogen. These bands are 
probably representative of either intra-mycelial molecules, 
e .g . housekeeping gene products, or c e l l  wall components.
The production of d iffuse bands after western b lotting is  
not restricted  to the p rofile  of S. lacrymans since antisera 
that have been raised against similar preparations of other 
brown rot fungi, e .g . L. lepideus (Palfreyman e t_ a l., 1988a) 
and C. puteana (McDowell, 1992) also produce d iffuse bands. 
The production of d iffuse antigenic bands may be related to 
the type of Basidiomycete under investigation since antisera 
sim ilarly raised against two pathogenic white rot fungi, H. 
annosum (Galbraith, 1992) and Stereum hirsutum (McCutcheon,
1989), produced well defined antigenic bands when used 
against standard mycelial extract.
One notable difference between the two fungi which are wood 
pathogens and those which decompose building timber relates 
to the a b ility  of the environment to supply the requirements 
for growth. The environment of H. annosum and S. hirsutum 
has the potential to provide a constant supply of proteins 
from liv in g  ray tissu e  whereas there is  a paucity of 
proteins in building timber (Deacon, 1984). The decomposers 
of building timber consequently must conserve proteins (Levi 
& Cowling, 1969) which S. lacrymans does by autolysis of 
older mycelium (Watkinson, 1975); a process which has not 
been reported for H. annosum and S. hirsutum. It is  possible
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that the d iffuse antigens represented in the western blots 
of S. lacrvmans FPRL 12C standard mycelium are 
representative of intra-m ycelial processes associated with 
older mycelium concerned with autolysis and recycling of 
essen tia l nutrients.
Sim ilarity of the SDS-PAGE/silver stain, antigenic and 
glycoprotein p rofiles of most iso la tes to those of FPRL 12C 
would confirm identity as S. lacrymans; and the 
dissim ilarity  of a ll  the p rofiles of BF-015B to those of 
FPRL 12C indicates incorrect identification  as S. lacrvmans. 
However, the extent of molecular difference which must be 
observed before two organisms can automatically be 
considered different species must be questioned because one 
putative S. lacrvmans iso la te , BF-050, had glycoprotein and 
antigenic p rofiles  which were similar to FPRL 12C in spite  
of the marked differences between the respective SDS- 
PAGE/silver stain  p ro files . SDS-PAGE/silver staining is  
ideal for an id en tification  aid since i t  is  a highly 
discriminatory technique based upon analysis of a large 
number of proteins; but, since immunostaining detects fewer 
elements which are also possibly ubiquitous fungal 
components, sim ilarity  of antigenic p rofile  could provide 
confirmation of identity which had been called into doubt by 
SDS-PAGE/silver staining.
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CHAPTER 4. THE MOLECULAR ANALYSIS OF OTHER FUNGI.
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4 .1  General in trod u ction .
The majority of iso la tes  of S. lacrvmans showed 
remarkable sim ilarity to FPRL 12C when grown under 
identical conditions and analysed by SDS-PAGE/silver 
staining, western blotting and lectin  staining but these 
analytical methods also indicated differences in two 
iso la te s . To determine whether inter-species differences 
in protein pattern were of the same order as the 
differences between iso la tes  of one species a range of 
basidiomycete and non-basidiomycete fungi were analysed 
using the same techniques which were used for the range 
of S. lacrymans iso la te s .
The main objectives of the work reported in th is chapter 
were
1. To use SDS-PAGE/silver staining to compare the 
p rofiles of standard mycelium of S. lacrymans FPRL 
12C with profiles of standard mycelium from other 
fungal iso la tes .
2. To use lectin  staining to extend the studies in 1.
3 . To use the antiserum raised against standard
mycelium of S. lacrymans FPRL 12C to compare the 
antigenic p rofiles of other Basidiomycetes with that 
of S. lacrvmans FPRL 12C.
4.2 The protein p rofiles of other fungal organisms.
Other fungal organisms (Table 1) were analysed and 
compared with the standard S. lacrvmans FPRL 12C 
preparation in order to determine i f  the SDS-PAGE/silver 
stained p rofile  for standard mycelium of S. lacrymans
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FPRL 1 2 C  was unique to the species. The fungi tested  are 
a ll  either known to rot building timbers or to affect 
wood by rotting and/or staining the fe lled  timber prior 
to i t s  use for building purposes. The resu lts for one 
experiment are shown in Figure 18 and a diagrammatic 
representation of these bands is  shown in Figure 19. The 
resu lts indicated that none of the fungal extracts 
showed banding patterns similar to S. lacrymans FPRL 
12C. Comparison of the data shown in Figures 18 and 19 
with that shown in Figures 7 and 8 strongly indicates 
that, f ir s t ly , the profiles of each species are very 
different from that of S. lacrymans FPRL 12C; and, 
secondly, there are obvious differences between the 
p rofile  of each species so that the overall pattern of 
bands is  unique to each species.
4.3 The glycoprotein nature of other Basidiomycetes.
The sugar binding a f f in it ie s  of the lectin s WGA and Con 
A were used to investigate the glycoprotein p rofile  of 
standard mycelium from a range of Basidiomycetes in 
order to determine i f  the marked inter-species 
difference in protein p rofiles noted after SDS- 
PAGE/silver staining was supported by evidence from 
another technique. The p rofiles which resulted from WGA 
binding are shown in Figure 20 and indicate a diffuse  
staining of individual glycoproteins. There are marked 
differences in the glycoprotein banding pattern between 
the species of a variety of wood decay Basidiomycetes, 
results confirmed by Con A staining (data not shown).
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Figure 18: SDS-PAGE/silver s ta in  a n a ly s is  of various wood
in h ab itin g  B asid iom ycetes.
| • • 5 * ‘ ‘ • 10 * * * '5
T r a c k s  1  a n d  1 6  r e p r e s e n t  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k s  2  a n d  1 5  r e p r e s e n t  s t a n d a r d  e x t r a c t  o f  S . l a c r y m a n s  
F P R L  1 2 C  m y c e l i u m .
T r a c k s  3 - 1 4  r e p r e s e n t  t h e  e x t r a c t s  o f  s t a n d a r d  m y c e l i u m  o f  
t h e  f o l l o w i n g  f u n g i  C .  p u t e a n a  ( 3 ) ;  F .  v a i l l a n t i i  
( 4 ) ;  P .  p a n u o i d e s  ( 5 ) ;  A .  x a n t h a  ( 6 ) ;  S .  p i n a s t r i
( 7 ) ;  L . l e p i d e u s  ( 8 ) ;  G .  s e p i a r i u m  ( 9 ) ;  P .  g i g a n t e a  
( 1 0 ) ;  P .  p l a c e n t a  ( 1 1 ) ;  D .  c r u e r c i n a  ( 1 2 ) ;  C . 
v e r s i c o l o r  ( 1 3 )  a n d  D .  c o n c e n t r i c a  ( 1 4 ) .
A l l  s a m p l e s  w e r e  r u n  a t  3 . 1 2  m g / m l  , w i t h  t h e  e x c e p t i o n  o f  
S .  l a c r y m a n s , C .  p u t e a n a , L .  l e p i d e u s  a n d  G . 
s e p i a r i u m  ( a l l  a t  6 . 2 5  m g / m l ) .
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Figure 19: Diagrammatic representation of the SDS-
p A G E / s i l v e r  s t a i n e d  b a n d s  a s s o c i a t e d  w i t h  S_i. 
l a c r v m a n s  FPRL 12C a n d  a r a n g e  of o t h e r  








1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Tracks 1 and 15 represent low molecular weight standard 
proteins.
T r a c k s  2 - 1 4  represent S. lacrymans. FPRL 12C ( 2 ) ;  C\_puteana (3); F .  v a illa n tii (4); P. panuoides (5); xantha (6); S. pinastri (7); L. lepideus (8); G_j.sepiarium (9) ; P. gigantea (10) ; P_:_placenta (11) ; D_j_guercina (12); c» versicolor (13) and D. concentrica 
(14) .
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F i g u r e  2 0 : A n a l y s i s  o f  t h e  w h e a t  g e r m  a g g l u t i n i n  b i n d i n g  
p r o t e i n s  o f  s t a n d a r d  m y c e l i u m  f r o m  a  r a n g e  o f  
w o o d  d e c a y  B a s i d i o m y c e t e s .
T r a c k s  1  a n d  1 7  r e p r e s e n t  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k s  2 - 1 6  r e p r e s e n t  s t a n d a r d  m y c e l i a l  p r e p a r a t i o n s  o f
t h e  f o l l o w i n g  s p e c i e s :  S .  l a c r y m a n s  F P R L  1 2 C  ( 2 ,  1 6 ) ;
D .  c o n c e n t r i c a  ( 3 ) ;  C .  v e r s i c o l o r  ( 4 ) ;  D .  g u e r c i n a  
( 5 ) ;  P .  p l a c e n t a  ( 6 ) ;  P .  g i g a n t e a  ( 7 ) ;  G .  s e p i a r i u m
( 8 ) ;  L .  l e p i d e u s  ( 9 ) ;  S .  p i n a s t r i  ( 1 0 ) ;  P .  i n c r a s s a t a
( 1 1 ) ;  A .  x a n t h a  ( 1 2 ) ;  P .  p a n u o i d e s  ( 1 3 ) ;  F . 
v a i l l a n t i i  ( 1 4 )  a n d  c .  p u t e a n a  ( 1 5 ) .
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4.4 The a n tig en ic  p r o f i le  of other B asid iom ycetes.
The range of Basidiomycetes (Table 7) exhibited 
antigenic profiles d istin ct from S. lacrymans FPRL 12C 
and each other (Figure 21) following immunostaining. A 
degree of cross reactiv ity  was noted with a ll  the 
Basidiomycetes with the exception of D. concentrica 
(track 3). The two major diffuse antigens of S. 
lacrvmans, antigens 7 and 11, were absent in a ll  
organisms except P. incrassata (track 11); and possibly  
P. panuoides (track 13) and, antigen 11 only, C. puteana 
(track 15). P. incrassata also had antigen 1, and 
possibly 5, in common with S. lacrymans FPRL 12C; P. 
panuoides possibly had antigen 2; whilst C. puteana had 
antigens 1, 3, 4 and 4.25 in common with S. lacrymans 
and possibly also had antigens 2, 5 and 6. Another 
experiment indicated that S. himantioides also had many 
antigens in common with S. lacrymans (data not shown).
No other species possessed antigens found in the profile  
of S. lacrvmans FPRL 12C.
Cross reactiv ity  was particularly marked in some of the 
Basidiomycetes which, lik e S. lacrymans, cause brown rot 
of softwood in buildings, e .g . C. puteana, P. panuoides 
and P. incrassata. Figure 21 and Table 7 also indicate 
that these three species have p rofiles which resemble 
that of S. lacrymans in the d iffuse character of the 
antigens detected. However, A. xantha and F. v a il la n t ii  
(tracks 12 and 14 resp ectively ), which also cause brown 
rot of constructional softwood, had no id en tifiab le  
bands and their limited cross reactiv ity  was indicated 
by smearing similar to that shown by C. versico lor, D. 
guercina and P. placenta (tracks 4 - 6  resp ectively ).
Page - 121
Table 7 ; Types of decay (Cartwright & Findlay, 1958) caused by the Basidiomycetes investigated by western blotting and lectin  staining.
Wood type.
1. Timber in buildings.
Fungi causing rot of softwoods
S. lacrymansC. puteana F. v a illa n t ii  P. panuoides A. xantha
Fungi of minor importance
S. pinastri
2 . Felled timber and timber in service in the open.
Principal fungi on fe lled  and worked softwoods
Fungi causing deterioration of fe lled  and worked hardwoods
L. lepideusG. sepiarium P. gigantea P. placenta
D. quercina C. versicolor
3 . Standing hardwood tr e e s .
Fungi causing major decays of hardwoods
D. concentrica
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F i g u r e  2 1 ; R e a c t i o n  o f  t h e  a n t i s e r u m  t o  S .  1 a e r y m a n s  F P R L
1 2 C  s t a n d a r d  m y c e l i u m  w i t h  t h e  s t a n d a r d  m y c e l i u m  
o f  a  r a n g e  o f  d i f f e r e n t  B a s i d i o m y c e t e s .
T r a c k  1  r e p r e s e n t s  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  p r o t e i n s .  
T r a c k s  2  a n d  1 6  r e p r e s e n t  S . l a c r y m a n s  F P R L  1 2 C .  
t r a c k s  3 - 1 5  r e p r e s e n t  t h e  f o l l o w i n g  s p e c i e s :  D .
c o n c e n t r i c a  ( 3 ) ;  C .  v e r s i c o l o r  ( 4 ) ;  D .  q u e r c i n a  ( 5 )  ;  
P .  p l a c e n t a  ( 6 ) ;  P .  g i g a n t e a  ( 7 ) ;  G .  s e p i a r i u m  ( 8 ) ;  
L .  l e p i d e u s  ( 9 ) ;  S .  p i n a s t r i  ( 1 0 ) ;  P .  i n c r a s s a t a  
( 1 1 ) ;  A .  x a n t h a  ( 1 2 ) ;  P .  p a n u o i d e s  ( 1 3 ) ;  F . 
v a i l l a n t i i  ( 1 4 )  a n d  C . p u t e a n a  ( 1 5 ) .
A n t i g e n s  1 ,  5 ,  7  a n d  1 1  a r e  m a r k e d  t h u s  1 , 5 ,  7 ,  1 1 .
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Profiles containing only one defined cross reacting 
antigen were shown by the organisms which are are 
responsible for decay of softwood in the open, e .g . S. 
pinastri , P. gigantea, G. sepiarium and L. lepideus 
(tracks 7 - 1 0  resp ectively). The diffuseness of some 
antigen bands is  similar to the bands obtained after  
lectin  staining (Figure 20) and these are in contrast to 
the sharp bands displayed after SDS-PAGE/silver staining 
and India ink staining (Figure 22).
4.5 Discussion.
SDS-PAGE/silver staining, western blotting and lectin  
staining have a ll  indicated that other basidiomycete 
species had p rofiles  which were d istin ctly  different 
from the p rofiles  which had been observed within the 
majority of the S. lacrymans iso la tes; thus indicating  
that the inter-species difference between protein 
p rofiles is  greater than differences observed between 
profiles within the species S. lacrymans. This 
conclusion supports previous experimental resu lts, in 
th is thesis and by Schmidt & Kebernik (1989) which 
indicated that S. lacrymans iso la te  BF-015B was not a 
member of the species S. lacrymans. Analysis of SDS- 
PAGE/ silver  stain  protein patterns and western blots has 
previously been used for d ifferentiation  of 
Basidiomycetes such as C. puteana (McDowell, 1992) and
H. annosum (Galbraith, 1992) from other fungal iso la tes  
and the resu lts of present studies indicate that these 
molecular techniques have the potential to be used 
sim ilarly on S. lacrvmans.
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F i g u r e  2 2 : I n d i a  i n k  s t a i n e d  p r o t e i n  p r o f i l e s  o f  s o m e  
B a s i d i o m y c e t e s  a f t e r  e l e c t r o b l o t t i n g .
* 5 * 1C * * * * ^
T r a c k s  1  a n d  1 5  r e p r e s e n t  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k s  2 - 1 4  r e p r e s e n t  t r a c k s  o f  t h e  f o l l o w i n g
B a s i d i o m y c e t e s :  D .  c o n c e n t r i c a  ( 2 ) ;  C .  v e r s i c o l o r  
( 3 )  ;  D .  c r u e r c i n a  ( 4 )  ;  p .  p l a c e n t a  ( 5 )  ;  P .  g i g a n t e a
( 6 ) ;  G .  s e p i a r i u m  ( 7 ) ;  L .  l e p i d e u s  ( 8 ) ;  S .  p i n a s t r i  
( 9 ) ;  A .  x a n t h a  ( 1 0 ) ;  P .  p a n u o i d e s  ( 1 1 ) ;  F .  v a i l l a n t i i  
( 1 2 ) ;  C .  p u t e a n a  ( 1 3 )  a n d  S . l a c r y m a n s  F P R L  1 2 C  ( 1 4 ) .
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T h e r e  w a s  a  w i d e  v a r i a t i o n  i n  t h e  c r o s s  r e a c t i v i t y  o f  
d i f f e r e n t  B a s i d i o m y c e t e s  w i t h  t h e  t e s t  a n t i s e r u m  b u t  t h e  
r e s u l t s  i n d i c a t e d  t h a t  t h e  d e g r e e  o f  c r o s s  r e a c t i v i t y  i s  n o t  
r e l a t e d  t o  t h e  n a t u r e  o f  t h e  o r g a n i s m  a s  a  b r o w n  o r  w h i t e  
r o t  f u n g u s ,  e . g .  t w o  b r o w n  r o t  o r g a n i s m s ,  A .  x a n t h a  a n d  F . 
v a i l l a n t i i . s h o w e d  a s  l i t t l e  c r o s s  r e a c t i v i t y  a s  C . 
v e r s i c o l o r  a n d  D. c o n c e n t r i c a , t w o  w h i t e  r o t  o r g a n i s m s .  T h a t  
t h e  d e g r e e  o f  c r o s s  r e a c t i v i t y  i s  v a r i a b l e  c o u l d  a l s o  b e  
a t t r i b u t a b l e  t o  t h e  w o o d  t y p e  d e c a y e d  b y  a n  o r g a n i s m .  I n  
s u p p o r t  o f  t h i s ,  D. c o n c e n t r i c a , a  p a t h o g e n  d e c a y i n g  
h a r d w o o d  t r e e s ,  s h o w e d  n o  c r o s s  r e a c t i v i t y  a n d  i t  w a s  
o b s e r v e d  t h a t  t h e  g r e a t e s t  d e g r e e  o f  c r o s s  r e a c t i v i t y  w a s  
f o u n d  i n  s o m e  o f  t h o s e  s p e c i e s  w h i c h  c a u s e  b r o w n  r o t  o f  
s o f t w o o d  i n  b u i l d i n g s ,  e . g .  C. p u t e a n a , P. p a n u o i d e s  a n d  P. 
i n c r a s s a t a . H o w e v e r ,  A .  x a n t h a  a n d  F. v a i l l a n t i i  a l s o  d e c a y  
s o f t w o o d  i n  b u i l d i n g s  a n d  t h e i r  p r o f i l e s  a r e  m o r e  s i m i l a r  t o  
t h o s e  o f  o r g a n i s m s  w h i c h  d e c a y  f e l l e d  t i m b e r  i n  t h e  o p e n .  I t  
i s  u n l i k e l y ,  t h e r e f o r e ,  t h a t  t h e  d e g r e e  o f  c r o s s  r e a c t i v i t y  
t o  t h e  t e s t  a n t i s e r u m  i s  d i r e c t l y  r e l a t e d  t o  t h e  e n v i r o n m e n t  
o f  t h e  o r g a n i s m  a n d  i s  m o r e  p r o b a b l y  a s s o c i a t e d  w i t h  t h e  
p r e s e n c e  o f  u b i q u i t o u s  f u n g a l  p r o t e i n s  i n  s t a n d a r d  m y c e l i u m .
I n v e s t i g a t i o n  o f  a n t i g e n i c  p r o f i l e s  p o s s i b l y  i n d i c a t e s  t h a t  
t h e  m o r e  c l o s e l y  r e l a t e d  t a x o n o m i c a l l y  t h e  o r g a n i s m s  a r e  t h e  
m o r e  c o m p o n e n t s  t h e i r  p r o f i l e s  h a v e  i n  c o m m o n .  T h i s  i s  
s u p p o r t e d ,  f i r s t l y ,  b y  t h e  f a c t  t h a t  m o s t  o r g a n i s m s  i n  
f a m i l i e s  o t h e r  t h a n  t h e  C o n i o p h o r a c e a e  w e r e  f o u n d  t o  h a v e  n o  
c o m m o n  a n t i g e n s  w i t h  S. l a c r v m a n s , e . g .  C. v e r s i c o l o r , L. 
l e p i d e u s  a n d  A .  x a n t h a ; a n d ,  s e c o n d l y ,  b y  t h e  p r e s e n c e  o f  
c o m m o n  a n t i g e n i c  s p e c i e s  i n  t h e  p r o f i l e s  o f  C. p u t e a n a , P . 
i n c r a s s a t a , S ♦ l a c r y m a n s  a n d  S. h i m a n t i o i d e s . T h e s e  a l l  
b e l o n g  t o  g e n e r a  w i t h i n  t h e  C o n i o p h o r a c e a e  ( R a y n e r  & B o d d y ,  
1 9 8 8 ) ,  C. p u t e a n a  i s  t h e  t y p e  s p e c i e s  o f  C o n i o p h o r a ; a n d  P.
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i n c r a s s a t a . a s s ig n e d  by Donk t o  th e  gen u s S e r p u la  in  1948
( D e c o c k  & H e n n e b e r t ,  p e r s o n a l  c o m m u n i c a t i o n ) ,  h a s  m o r e  
r e c e n t l y  b e e n  a d o p t e d  a s  t h e  t y p e  s p e c i e s  o f  M e r u l i p o r i a , a 
g e n u s  w h i c h  i s  i n c l u d e d  i n  t h e  C o n i o p h o r a c e a e  ( P e g l e r ,  
p e r s o n a l  c o m m u n i c a t i o n ) . S i n c e  i s o l a t e  B F - 0 1 5 B  h a s  a n  
a n t i g e n i c  p r o f i l e  w h i c h  a p p a r e n t l y  s h o w s  m o r e  s i m i l a r i t i e s  
t o  t h a t  o f  S. l a c r y m a n s  F P R L  1 2 C  t h a n  a n y  o t h e r  
B a s i d i o m y c e t e  i n v e s t i g a t e d  i t  m i g h t  b e  t h a t  B F - 0 1 5 B  b e l o n g s  
t o  a  s p e c i e s  w h i c h  i s  v e r y  c l o s e l y  r e l a t e d  t o  S . l a c r y m a n s .
H o w e v e r ,  w h i l s t  s i m i l a r i t y  i n  a n t i g e n i c  p r o f i l e s  m i g h t  b e  
u s e f u l  f o r  c o n f i r m a t i o n  o f  o r g a n i s m  i d e n t i t y  i t  i s  d o u b t f u l  
i f  s u c h  p r o f i l e s  c o u l d  b e  u s e d  r e l i a b l y  a s  i n d i c a t o r s  o f  
t a x o n o m i c  a f f i n i t i e s .  T h i s  i s  i n d i c a t e d ,  f i r s t l y ,  b y  t h e  
a n t i g e n i c  p r o f i l e  o f  P. p a n u o i d e s , w h i c h  h a s  a n t i g e n i c  b a n d s  
i n  c o m m o n  w i t h  S. l a c r y m a n s  b u t  w h i c h  b e l o n g s  t o  t h e  
A g a r i c a c e a e ,  a  f a m i l y  i n  t h e  A g a r i c a l e s ,  i . e .  a  d i f f e r e n t  
o r d e r  t o  t h e  A p h y l l o p h o r a l e s  w h i c h  c o n t a i n s  t h e  
C o n i o p h o r a c e a e  ( A i n s w o r t h ,  1 9 6 3 ) .  S u c h  c o m m o n  a n t i g e n i c  
b a n d s  a r e  p r o b a b l y  r e p r e s e n t a t i v e  o f  u b i q u i t o u s  f u n g a l  
a n t i g e n s .  S e c o n d l y ,  t h e  a b s e n c e  o f  c o m m o n  a n t i g e n s  i n  t h e  
p r o f i l e s  o f  S. p i n a s t r i  a n d  S . l a c r y m a n s  i s  a t  o d d s  w i t h  
t h e i r  p r e s e n t  t a x o n o m i c  r e l a t i o n s h i p  s i n c e ,  d e s p i t e  a  r e c e n t  
r e a s s i g n a t i o n  t o  t h e  g e n u s  L e u c o g y r o p h a n a  (L. p i n a s t r i  (Fr .) 
G i n n s  & W e r e s . ( P e g l e r ,  p e r s o n a l  c o m m u n i c a t i o n ) ) ,  S . ( L .) 
p i n a s t r i  r e m a i n s  w i t h i n  t h e  C o n i o p h o r a c e a e  ( R a y n e r  & B o d d y ,  
1 9 8 8 ) .  I t  c o u l d  b e ,  h o w e v e r ,  t h a t  a b s e n c e  o f  c o m m o n  a n t i g e n s  
i n  t h e  p r o f i l e  o f  a  p u t a t i v e  m e m b e r  o f  a  f a m i l y  i s  
i n d i c a t i v e  o f  i n c o r r e c t  t a x o n o m i c  a s s i g n a t i o n .  S. t i g n i c o l a  
h a s  a l s o  b e e n  r e a s s i g n e d  t o  t h e  g e n u s  L e u c o g y r o p h a n a  (L . 
p u l v e r u l e n t a  ( S o w : F r )  G i n n s  ( P e g l e r ,  p e r s o n a l  c o m m u n i c a t i o n )  
a n d  i t  w o u l d  b e  o f  i n t e r e s t  t o  s i m i l a r l y  i n v e s t i g a t e  t h e  
n a t u r e  o f  i t s  a n t i g e n i c  p r o f i l e .
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CHAPTER 5 .  NUMERICAL ANALYSIS OF MOLECULAR PROFILES.
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5 .1  G en era l in t r o d u c t io n .
T h e  m o l e c u l a r  m e t h o d s  w h i c h  h a v e  b e e n  u s e d  i n  t h i s  s t u d y  
h a v e  s h o w n  t h a t  S D S - P A G E / s i l v e r  s t a i n i n g  a n d  w e s t e r n  
b l o t t i n g  c a n ,  f i r s t l y ,  a l l o w  c o m p a r i s o n s  t o  b e  m a d e  
b e t w e e n  S . l a c r y m a n s  a n d  o t h e r  f u n g a l  s p e c i e s  a n d ,  
s e c o n d l y ,  e n a b l e  o r g a n i s m s  t o  b e  i d e n t i f i e d .  H o w e v e r ,  t o  
d e v e l o p  t h e s e  t e c h n i q u e s  a s  r o u t i n e  c o m p a r a t i v e  s y s t e m s  
i t  i s  n e c e s s a r y  t o  c o l l a t e  a n d  a s s e s s  i n f o r m a t i o n  o n  t h e  
s i m i l a r i t i e s  a n d  d i f f e r e n c e s  o f  t h e  i s o l a t e s  u n d e r  
i n v e s t i g a t i o n .
T h e  m a i n  o b j e c t i v e s  o f  t h e  w o r k  r e p o r t e d  i n  t h i s  c h a p t e r  
w e r e
1. A  c o m p a r i s o n  o f  t h e  f e a s i b i l i t y  o f  u s i n g  t w o  
p o s s i b l e  n u m e r i c a l  m e t h o d s  t o  a s s e s s  t h e  
s i m i l a r i t i e s  a n d  d i f f e r e n c e s  i n  f u n g a l  o r g a n i s m s  
d e t e c t e d  b y  S D S - P A G E / s i l v e r  s t a i n i n g  a n d  w e s t e r n  
b l o t t i n g  t e c h n i q u e s .
2 . T o  n u m e r i c a l l y  c o m p a r e  o t h e r  f u n g a l  o r g a n i s m s  t o  S .
l a c r y m a n s  F P R L  1 2 C .
3 . T o  e v a l u a t e  t h e  u s e  o f  m o l e c u l a r  m e t h o d s  a s  t o o l s
t o  a i d  i n  f u n g a l  i d e n t i f i c a t i o n .
5 . 2  A n a l y s i s  o f  p r o f i l e s .
5 . 2 . 1  L a s e r  d e n s i t o m e t r y .
A  p o s s i b l e  m e t h o d  o f  n u m e r i c a l  a n a l y s i s  w o u l d  b e  b a s e d  
o n  i n t e r p r e t a t i o n  o f  g e l  p a t t e r n s  b y  l a s e r  d e n s i t o m e t r y  
l i n k e d  t o  c o m p u t e r  a n a l y s i s .  H o w e v e r ,  t w o  p r o b l e m s  w e r e  
a s s o c i a t e d  w i t h  t h i s  m e t h o d  o f  a n a l y s i s  i n  t h e  p r e s e n t  
s t u d y .  F i r s t l y ,  t h e  a b s e n c e  o f  a p p r o p r i a t e  e q u i p m e n t  f o r
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a n a l y s i s  o f  s t a i n e d  I m m o b i l o n  a n d ,  s e c o n d l y ,  t h e  a b s e n c e  
o f  c o m p u t e r  s o f t w a r e  t o  h a n d l e  d a t a  g e n e r a t e d  b y  
s c a n n i n g  o f  S D S - P A G E / s i l v e r  s t a i n e d  g e l s .
5 . 2 . 2  V i s u a l  a n a l y s i s .
A n  a l t e r n a t i v e  m e t h o d  o f  a n a l y s i s  i n v o l v e d  t h e  u s e  o f  
t h e  m a p  o f  t h e  S D S - P A G E / s i l v e r  s t a i n e d  p a t t e r n s  f o r  e a c h  
o f  t h e  i s o l a t e s  t e s t e d  ( F i g u r e  8) f o r  t h e  m a n u a l  
c a l c u l a t i o n  o f  t h e  p r o t e i n  p e r c e n t a g e  s i m i l a r i t i e s  f o r  
i s o l a t e s  o f  S ♦ l a c r v m a n s  F P R L  1 2 C  ( T a b l e  8 ) .  T h e  p r o t e i n  
s i m i l a r i t y  i n d e x  f o r  S. l a c r v m a n s  i s o l a t e s  r a n g e d  f r o m
4 6 . 1  - 1 0 0  a n d  c o n f i r m e d  t h a t  a l t h o u g h  t h e  m a j o r i t y  o f  
i s o l a t e s  s h o w e d  r e m a r k a b l e  s i m i l a r i t y  t o  F P R L  1 2 C  w h e n  
g r o w n  i n  i d e n t i c a l  c o n d i t i o n s  t w o  i s o l a t e s  w e r e  
a p p r e c i a b l y  d i f f e r e n t ,  i . e .  m o s t  i s o l a t e s  o f  S . 
l a c r v m a n s  h a d  p r o t e i n  p e r c e n t a g e  s i m i l a r i t i e s  t o  F P R L  
1 2 C  o f  > 9 8 % ,  b u t  t h o s e  o f  B F - 0 5 0  a n d  B F - 0 1 5 B  w e r e  6 8 . 4 %  
a n d  4 6 . 1 %  r e s p e c t i v e l y .  T h e  r a n g e  o f  t h e  a n t i g e n i c  
s i m i l a r i t y  i n d e x  f o r  S. l a c r y m a n s  i s o l a t e s  ( d a t a  n o t  
s h o w n )  w a s  f r o m  50, i s o l a t e  B F - 0 1 5 B ,  t o  1 0 0 ,  a l l  o t h e r  
i s o l a t e s .
T h e  p r o t e i n  s i m i l a r i t y  i n d e x  f o r  a  r a n g e  o f  f u n g a l  
s p e c i e s  i s  s h o w n  i n  T a b l e  9 a n d  r a n g e s  f r o m  0 . 0  (D. 
q u e r c i n a ) - 4 3 . 5  (S. h i m a n t i o i d e s ) . C o m p a r i s o n  b e t w e e n  
T a b l e  8 a n d  T a b l e  9 i n d i c a t e s ,  f i r s t l y ,  t h a t  t h e  p r o t e i n  
s i m i l a r i t y  i n d i c e s  f o r  i s o l a t e s  w i t h i n  S. l a c r y m a n s  a n d  
f o r  o t h e r  f u n g a l  s p e c i e s  h a v e  m u t u a l l y  e x c l u s i v e  r a n g e s  
a n d ,  s e c o n d l y ,  t h a t  i s o l a t e  B F - 0 1 5 B  i s  t h e  o n l y  S . 
l a c r v m a n s  i s o l a t e  w h o s e  p e r c e n t a g e  s i m i l a r i t y  i s  s i m i l a r  
t o  n o n - S. l a c r v m a n s  s p e c i e s .  T h e  a n t i g e n i c  s i m i l a r i t y  
i n d e x  f o r  n o n - S. l a c r v m a n s  i s o l a t e s  r a n g e d  f r o m  0 - 5 8  
a n d  c o n f i r m e d  v i s u a l  i m p r e s s i o n s  ( F i g u r e  2 1 )  s i n c e ,  w i t h
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T a b le  8: P r o t e in  s i m i l a r i t y  in d e x  o f  S ♦ lacrym an s i s o l a t e s
i n  r e f e r e n c e  t o  i s o l a t e  F P R L  1 2 C .
I s o l a t e  n u m b e r  P e r c e n t a g e  N u m b e r  o f
s i m i l a r i t y  o b s e r v a t i o n s
C M I  1 5 2 2 3 3 1 0 0 4
B F - 0 3 A 1 0 0 3
B F - 0 7 B 1 0 0 4
B F - 0 1 7 B 1 0 0 4
B F - 0 2 3 1 0 0 3
B F - 0 2 5 1 0 0 3
B F - 0 4 4 1 0 0 2
B F - 0 4 6 1 0 0 2
B F - 0 4 9 1 0 0 2
B F - 0 7 2 1 0 0 4
M A D  9 0 8 7 6 R 1 0 0 2
B A M  3 1 5 1 0 0 2
B F - 0 1 99 5
B F - 0 1 8 A 9 8 4
B F - 0 5 0 6 8 . 4 6
B F - 0 1 5 B 4 6 . 1 7
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T a b l e  9: P r o t e i n s i m i l a r i t y  i n d e x  o f n o n - S .  l a c r v m a n s
s p e c i e s i n  r e f e r e n c e  t o  S. l a c r v m a n s  F P R L  1 2 C
S p e c i e s P e r c e n t a g e
s i m i l a r i t v
N u m b e r  o f  
o b s e r v a t i o n s
S. h i m a n t i o i d e s 4 3 . 5 3
S. p i n a s t r i 3 6 . 7 4
M .  t r e m e l l o s u s 3 4 . 8 2
G. t r a b e u m 3 4 . 3 2
S. t i g n i c o l a 2 9 . 1 2
F. v a i l l a n t i i 2 8 . 1 7
S. s a n g u i n o l e n t u m 2 6 . 5 2
D. c o n c e n t r i c a 2 4 . 0 3
P. i n c r a s s a t a 2 4 . 0 3
S . c o m m u n e 2 1 . 7 2
H. a n n o s u m 2 1 . 5 2
C. r e s i n a e 2 1 . 2 1
L. l e p i d e u s 2 0 . 1 4
P. p a n u o i d e s 1 9 . 0 4
A .  x a n t h a 1 8 . 4 4
G. s e p i a r i u m 1 7 . 4 4
C . p u t e a n a 1 7 . 3 6
C. v e r s i c o l o r 1 6 . 5 4
P. p l a c e n t a 1 5 . 6 3
P. o s t r e a t u s 1 5 . 2 2
P. g i g a n t e a 1 0 . 7 2
P. v a r i o t t i 7 . 9 2
D. q u e r c i n a 0 . 0 2
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t h e  e x c e p t i o n  o f  S. h i m a n t i o i d e s , C. p u t e a n a , P . 
i n c r a s s a t a  a n d  P. p a n u o i d e s  ( s i m i l a r i t i e s  o f  5 8 % ,  4 7 % ,  
3 0 . 8 %  a n d  2 1 . 5 %  r e s p e c t i v e l y ) ,  a l l  o t h e r  s p e c i e s  h a d  n o  
a n t i g e n i c  s i m i l a r i t y  t o  S . l a c r v m a n s  F P R L  1 2 C .
M y c e l i a l ,  s t r a n d  a n d  b a s i d i o c a r p  m a t e r i a l  o f  S. 
l a c r y m a n s  w a s  c o l l e c t e d  f r o m  2 l o c a l  s i t e s ,  D I T - 1 0 1  a n d  
D I T - 1 0 2 , a n d  a n a l y s e d  e i t h e r  d i r e c t l y  ( m y c e l i u m ,  
b a s i d i o c a r p  a n d  s t r a n d )  o r  i s o l a t e d  ( m y c e l i u m )  a n d  
s u b s e q u e n t l y  u s e d  f o r  p r e p a r a t i o n  o f  s t a n d a r d  m y c e l i u m .  
T h e  r e s u l t s  o f  S D S - P A G E / s i l v e r  s t a i n  a n a l y s i s  a r e  s h o w n  
i n  F i g u r e  2 3  a n d  i n d i c a t e  t h a t  o n l y  s t a n d a r d  m y c e l i u m  
g r o w n  f r o m  r e c e n t  i s o l a t i o n s  o f  S . l a c r y m a n s  D I T - 1 0 1  
( F i g u r e  2 3 ,  t r a c k  3) a n d  D I T - 1 0 2  ( F i g u r e  2 3 ,  t r a c k  4) 
s h o w e d  a  m o l e c u l a r  p r o f i l e  w h i c h  w a s  v e r y  s i m i l a r  t o  
t h a t  o f  F P R L  1 2 C .  S a m p l e s  a n a l y s e d  w i t h o u t  i s o l a t i o n  
s h o w e d  b a n d s  i n  c o m m o n  w i t h  F P R L  1 2 C  a n d  a l s o  s o m e  n e w  
b a n d s ,  e . g .  c o m p a r e  m y c e l i u m  ( F i g u r e  2 3 ,  t r a c k s  4 - 6 )  
w i t h  s t a n d a r d  m y c e l i u m  o f  S. l a c r y m a n s  F P R L  1 2 C  ( t r a c k
7 ) .  T h e  p r o t e i n  s i m i l a r i t y  i n d e x  o f  a l l  s a m p l e s  
i n v e s t i g a t e d  i s  s h o w n  i n  T a b l e  1 0 .  T h e  v i s u a l  s i m i l a r i t y  
o f  t h e  p r o t e i n  p a t t e r n  o f  i s o l a t e s  D I T - 1 0 1  a n d  D I T - 1 0 2  
t o  i s o l a t e  F P R L  1 2 C  i s  c o n f i r m e d  b y  t h e i r  p r o t e i n  
p e r c e n t a g e  s i m i l a r i t y  o f  1 0 0 ;  w h e r e a s  t h e  v i s u a l  
d i s s i m i l a r i t y  o f  n o n - i s o l a t e d  m a t e r i a l  t o  i s o l a t e  F P R L  
1 2 C  i s  c o n f i r m e d  b y  t h e  p r o t e i n  p e r c e n t a g e  s i m i l a r i t i e s  
o f  3 8 . 2  - 4 1 . 9 %  ( m y c e l i u m ,  F i g u r e  2 3 ,  t r a c k s  4 - 6 )  a n d  
4 0 %  ( b a s i d i o c a r p ) . S i n c e  < 2 0  p r o t e i n  b a n d s  w e r e  
i d e n t i f i e d  i n  s t r a n d s  a n d  n o  p r o t e i n s  w e r e  d e t e c t e d  i n  
s p o r e s  i t  w a s  n o t  p o s s i b l e  t o  d e t e r m i n e  t h e  p e r c e n t a g e  
s i m i l a r i t y  t o  F P R L  1 2 C  o f  e i t h e r  o f  t h e s e  m o r p h o l o g i c a l  
f o r m s .
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F ig u r e  2 3 : The c o n s ta n c y  o f  th e  S D S -P A G E /silver s t a in e d
p r o f i l e  o f  s t a n d a r d  m y c e l i u m  o f  S . l a c r y m a n s  F P R L  
12C.
* r
T r a c k  1  r e p r e s e n t s  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  p r o t e i n s .  
T r a c k s  2  a n d  7  r e p r e s e n t  s t a n d a r d  m y c e l i u m  o f  S . l a c r y m a n s  
F P R L  1 2 C .
T r a c k  3  r e p r e s e n t s  S .  l a c r y m a n s  D I T - 1 0 1  m y c e l i a l  i s o l a t e .  
T r a c k  4  r e p r e s e n t s  S .  l a c r y m a n s  D I T - 1 0 2  m y c e l i a l  i s o l a t e .  
T r a c k s  5  a n d  6  r e p r e s e n t  m y c e l i u m  s c r a p e d  f r o m  s t o n e w o r k  a t  
D I T - 1 0 1  ( s a m p l e s  1 - 3 ) .
T r a c k s  8 - 1 0  r e p r e s e n t  b a s i d i o c a r p  f r o m  D I T - 1 0 1  ( s a m p l e s  1  
- 3 )  .
T r a c k  1 1  r e p r e s e n t s  b a s i d i o c a r p  f r o m  D I T - 1 0 2 .
T r a c k s  1 2  a n d  1 3  r e p r e s e n t  s t r a n d  f r o m  D I T - 1 0 1  a n d  D I T - 1 0 2  
r e s p e c t i v e l y .
.  r e p r e s e n t s  b a n d s  i n  c o m m o n  w i t h  F P R L  1 2 C .  
o  r e p r e s e n t s  b a n d s  n o t  f o u n d  i n  F P R L  1 2 C .
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p r e p a r a t i o n s  o f  S . l a c r y m a n s  w i t h  r e f e r e n c e  t o  S. 
l a c r y m a n s  F P R L  1 2 C .
T ab le  1 0 : The p r o t e in  s i m i l a r i t y  in d ex  o f  d i f f e r e n t
S a m p l e S i t e P e r c e n t a g e
s i m i l a r i t y
M y c e l i a l  i s o l a t e D I T - 1 0 1 1 0 0
M y c e l i a l  i s o l a t e D I T - 1 0 2 1 0 0
F i e l d  m y c e l i u m  ( s a m p l e 1) D I T - 1 0 2 3 8 . 2
F i e l d  m y c e l i u m  ( s a m p l e 2) D I T - 1 0 2 4 0 . 6
F i e l d  m y c e l i u m  ( s a m p l e 3) D I T - 1 0 2 4 1 . 9
B a s i d i o c a r p  ( s a m p l e  1) D I T - 1 0 1 4 0 . 0
B a s i d i o c a r p  ( s a m p l e  2) D I T - 1 0 1 4 0 . 0
B a s i d i o c a r p  ( s a m p l e  3) D I T - 1 0 1 4 0 . 0
B a s i d i o c a r p D I T - 1 0 2 3 6 . 0
S t r a n d D I T - 1 0 1 *
S t r a n d D I T - 1 0 2 *
S p o r e s D I T - 1 0 1 -
S p o r e s D I T - 1 0 2 -
* i n d i c a t e s  l e s s  t h a n  2 0  b a n d s  o n  t r a c k .  
- i n d i c a t e s  n o  p r o t e i n s  d e t e c t e d .
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5 .3  The u se  o f  m o le c u la r  m ethods f o r  fu n g a l i d e n t i f i c a t i o n .
M o l e c u l a r  a n a l y s i s  o f  s t a n d a r d  m y c e l i u m  h a s  p o t e n t i a l  
f o r  t h e  i d e n t i f i c a t i o n  o f  o r g a n i s m s ,  s o  t h e  i d e n t i t y  o f  
p u t a t i v e  S. l a c r y m a n s  i s o l a t e s  B F - 0 5 0  a n d  B F - 0 1 5 B  w a s  
f u r t h e r  i n v e s t i g a t e d .  A c o m p a r i s o n  o f  a n  a n a l y s i s  b y  
S D S - PAGE/ s i l v e r  s t a i n  o f  B F - 0 5 0  a n d  B F - 0 1 5 B  w i t h  o t h e r  
r e l e v a n t  o r g a n i s m s  a l l  c u r r e n t l y  o r  f o r m e r l y  m e m b e r s  o f  
t h e  g e n u s  M e r u l i u s  ( C a r t w r i g h t  & F i n d l a y ,  1 9 5 8 ;  R u n e  & 
K o c h ,  1 9 9 2 ) ,  v i z  S. l a c r y m a n s  F P R L  1 2 C  (M .  l a c r y m a n s  
W u l f  ; F r ) , S. h i m a n t i o i d e s  (M. h i m a n t i o i d e s  F r  : F r ) ,
S. p i n a s t r i  (M. p i n a s t r i  ( F r  : F r )  B u r t ) ,  S. t i g n i c o l a  
(M. t i g n i c o l a  H a r m s e n ) , M .  t r e m e l l o s u s  a n d  P. i n c r a s s a t a  
(M. s p i s s u s  B e r k ) , i s  s h o w n  i n  F i g u r e  2 4 .  I s o l a t e s  B F -  
0 1 5 B  ( t r a c k  5) a n d  B F - 0 5 0  ( t r a c k  6) i l l u s t r a t e  t h e  
d i f f e r e n c e s  p r e v i o u s l y  o b s e r v e d  ( F i g u r e s  7 a n d  8) 
b e t w e e n  t h e m s e l v e s  a n d  S. l a c r y m a n s  ( t r a c k  7) a n d  
d e m o n s t r a t e  t h a t  t h e  p r o f i l e  o f  B F - 0 1 5 B  i s  m o r e  s i m i l a r  
t o  t h a t  o f  S. h i m a n t i o i d e s  ( t r a c k  4) t h a n  t o  t h a t  o f  S . 
l a c r y m a n s . S o m e  d i f f e r e n c e s  c a n  b e  o b s e r v e d  b e t w e e n  B F -  
0 1 5 B  a n d  S. h i m a n t i o i d e s , e . g .  t h e  m a r k e d  p a i r  o f  
p r o t e i n s  a t  7 2  a n d  7 4  k D a  i n  B F - 0 1 5 B .  T a b l e  1 1  s h o w s  t h e  
p r o t e i n  s i m i l a r i t y  i n d i c e s  o f  B F - 0 1 5 B  ( T a b l e  1 1 A )  a n d  
B F - 0 5 0  ( T a b l e  1 1 B )  w h i c h  c o n f i r m s  t h a t  B F - 0 1 5 B  i s  a s  
s i m i l a r  t o  S. h i m a n t i o i d e s  ( 6 8 . 6 % )  a s  i s o l a t e  B F - 0 5 0  i s  
t o  S. l a c r y m a n s  F P R L  1 2 C  a n d  t h a t  e a c h  i s  n o t  m o r e  
s i m i l a r  t o  a n y  o t h e r  s p e c i e s  i n  t h e  c o m p a r i s o n .
T h e  s i m i l a r i t i e s  b e t w e e n  o r g a n i s m s  w a s  a l s o  t e s t e d  b y  
w e s t e r n  b l o t t i n g  ( F i g u r e  2 5 ) .  T h e r e  w a s  g r e a t e r  v i s u a l  
s i m i l a r i t y  b e t w e e n  t h e  p r o f i l e  o f  i s o l a t e  B F - 0 1 5 B  ( t r a c k  
11) a n d  S. h i m a n t i o i d e s  ( t r a c k  10) t h a n  e i t h e r  S . 
l a c r y m a n s  ( t r a c k  12) o r  a n y  o t h e r  s p e c i e s  a n d  t h i s  w a s
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T r a c k s  1  a n d  1 1  r e p r e s e n t  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k s  3 ,  6  a n d  9  r e p r e s e n t  e x t r a c t s  o f  i s o l a t e  B F - 0 5 0 .  
T h e  f o l l o w i n g  t r a c k s  r e p r e s e n t  M .  t r e m e l l o s u s  ( 2 ) ;
S . h i m a n t i o i d e s  ( 4 ) ;  i s o l a t e  B F - 0 1 5 B  ( 5 ) ;  S .  l a c r y m a n s  
F P R L  1 2 C  ( 7 ) ;  S .  p i n a s t r i  ( 8 ) ;  S .  t i g n i c o l a  ( 1 0 ) .
o  r e p r e s e n t s  p r o t e i n s  a t  7 2  a n d  7 4  k D a .
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T a b l e  1 1 : T h e  p r o t e i n  s i m i l a r i t y  i n d i c e s  o f  B F - 0 5 0  a n d
B F - 0 1 5 B .
T a b l e  1 1 A ; P r o t e i n  p e r c e n t a g e  s i m i l a r i t y  o f  B F - 0 1 5 B  t o  
d i f f e r e n t  f u n g a l  i s o l a t e s .
R e f e r e n c e  s p e c i e s  P e r c e n t a g e  N u m b e r  o f
s i m i l a r i t y  o b s e r v a t i o n s
o f  B F - 0 1 5 B
S. h i m a n t i o i d e s  
S . l a c r y m a n s  F P R L  1 2 C  
i s o l a t e  B F - 0 5 0  
S. t i g n i c o l a  
M ,  t r e m e l l o s u s  
S. p i n a s t r i
6 8 . 6 4
4 6 . 1 7
4 4 . 7 3
4 0 . 0 3
2 8 . 6 2
2 0 . 0 2
T a b l e  1 1 B : P r o t e i n  p e r c e n t a g e  s i m i l a r i t y  o f  B F - 0 5 0  t o  
d i f f e r e n t  f u n g a l  i s o l a t e s .
R e f e r e n c e  s p e c i e s P e r c e n t a g e N u m b e r  o f
s i m i l a r i t y o b s e r v a t i o n s
o f  B F - 0 5 0
S. l a c r y m a n s  F P R L  1 2 C 6 8 . 4 6
S. h i m a n t i o i d e s 4 7 . 1 2
i s o l a t e  B F - 0 1 5 B 4 3 . 4 3
S. t i g n i c o l a 3 8 . 0 1
M .  t r e m e l l o s u s 2 9 . 4 1
S. p i n a s t r i 2 6 . 3 2
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F i g u r e  2 5 : W e s t e r n  b l o t  a n a l y s i s  o f  i s o l a t e  B F - 0 1 5 B  a n d  s o m e  
s p e c i e s  f o r m e r l y  w i t h i n  t h e  g e n u s  M e r u l i u s  
( C a r t w r i g h t  &  F i n d l a y ,  1 9 5 8 ) .
• 5 • * • • IQ * * l/»
T r a c k s  1  a n d  1 4  r e p r e s e n t  h i g h  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k s  2  a n d  1 3  r e p r e s e n t  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k s  3 ,  6 ,  9  a n d  1 2  r e p r e s e n t  S . l a c r y m a n s  F P R L  1 2 C .
T h e  f o l l o w i n g  t r a c k s  r e p r e s e n t  M .  t r e m e l l o s u s  ( 4 ) ;  S .
p i n a s t r i  ( 5 ) ;  P .  i n c r a s s a t a  ( 7 ) ;  s .  t i g n i c o l a  ( 8 ) ;  S . 
h i m a n t i o i d e s  ( 1 0 ) ;  i s o l a t e  B F - 0 1 5 B  ( 1 1 ) .
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c o n f i r m e d  b y  n u m e r i c a l  a n a l y s i s .  T h e  a n t i g e n i c  
p e r c e n t a g e  s i m i l a r i t i e s  o f  B F - 0 1 5 B  t o  S. h i m a n t i o i d e s  (2 
a n a l y s e s ) , S. l a c r y m a n s  F P R L  1 2 C  a n d  P. i n c r a s s a t a  w e r e  
7 3 ,  5 0  a n d  4 0  r e s p e c t i v e l y .  T h e r e  w a s  n o  a n t i g e n i c  
s i m i l a r i t y  b e t w e e n  B F - 0 1 5  a n d  e i t h e r  S. t i g n i c o l a , M. 
t r e m e l l o s u s  o r  S. p i n a s t r i . P r e v i o u s  w o r k  h a d  
e s t a b l i s h e d  t h a t  t h e  a n t i g e n i c  p r o f i l e  o f  i s o l a t e  B F - 0 5 0  
w a s  v i s u a l l y  i d e n t i c a l  t o  F P R L  1 2 C  ( F i g u r e  13) a n d ,  
t h e r e f o r e ,  h a d  a n  a n t i g e n i c  p e r c e n t a g e  s i m i l a r i t y  t o  
F P R L  1 2 C  o f  1 0 0 .
5 . 4  D i s c u s s i o n
S . l a c r y m a n s  i s o l a t e s  g a v e  S D S - P A G E / s i l v e r  s t a i n  a n d  
a n t i g e n i c  p a t t e r n s  w h i c h  w e r e  v i s u a l l y  m o r e  s i m i l a r  t o  
e a c h  o t h e r  t h a n  t h e  p a t t e r n s  p r o d u c e d  b y  d i f f e r e n t  
B a s i d i o m y c e t e  s p e c i e s  b u t  p r o b l e m s  w e r e  p o s e d  i n  t h e  
n u m e r i c a l  a n a l y s i s  o f  s u c h  p a t t e r n s .  H o w e v e r ,  t h e  
c o n s t r u c t i o n  o f  p r o t e i n  a n d  a n t i g e n i c  s i m i l a r i t y  i n d i c e s  
e n a b l e d  o b j e c t i v e  c o m p a r i s o n  o f  t h e s e  r e s u l t s  a n d ,  
w h i l s t  t h e  q u a n t i t a t i v e  n a t u r e  o f  t h e  s i m i l a r i t y  i n d i c e s  
m a y  b e  s u s c e p t i b l e  t o  c r i t i c i s m  b e c a u s e  o f  p o s s i b l e  
s u b j e c t i v i t y ,  t h e y  r e f l e c t e d  t h e  p r e l i m i n a r y  v i s u a l  
i m p r e s s i o n s .  T h i s  h a s  n o w  b e e n  c o n f i r m e d  b y  t h e  
c o n s t r u c t i o n  o f  s i m i l a r i t y  i n d i c e s  f o r  w o o d  d e c a y  
B a s i d i o m y c e t e s  i s o l a t e d  f r o m  t h e  h i s t o r i c  s h i p s  
D i s c o v e r y  a n d  U n i c o r n  (McD o w e l l  & P a l f r e y m a n ,  1 9 9 2 )  a n d  
f o r  c e r t a i n  f o r e s t  p a t h o g e n s  ( G a l b r a i t h ,  1 9 9 2 ) .
H o w e v e r ,  t w o  a s p e c t s  o f  a  s i m i l a r i t y  i n d e x  s h o u l d  b e  
s t r e s s e d .  F i r s t l y ,  w h i l s t  c o m p a r a t i v e  a s s e s s m e n t s  
b e t w e e n  s e v e r a l  t r a c k s  i s  f a c i l i t a t e d  b y  t h e  u s e  o f  a
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s i m i l a r i t y  i n d e x ,  i n i t i a l  c o m p a r i s o n  o f  t w o  g e l  p a t t e r n s  
b y  v i s u a l  o b s e r v a t i o n  i s  l i k e l y  t o  p r o v i d e  a n  a s s e s s m e n t  
o f  t h e  s i m i l a r i t y  o f  p a t t e r n  t h a t  i s  a s  a c c u r a t e  a s  
e i t h e r  t h e  p r o t e i n  o r  a n t i g e n i c  p e r c e n t a g e  s i m i l a r i t y  o f  
t h e  t e s t  i s o l a t e .  S e c o n d l y ,  s i n c e  a  s i m i l a r i t y  i n d e x  
q u a n t i f i e s  d i f f e r e n c e s  a n d  s i m i l a r i t i e s  b e t w e e n  t e s t  
t r a c k s  a n d  a  r e f e r e n c e  t r a c k  i t  c o u l d  n o t  e a s i l y  b e  u s e d  
f o r  t a x o n o m i c  p u r p o s e s  s i n c e  t h e  a i m s  o f  n u m e r i c a l  
t a x o n o m y  a r e  t o  c l a r i f y  d e g r e e s  o f  r e l a t e d n e s s  o f  a  
l a r g e  n u m b e r  o f  s i m i l a r  o r g a n i s m s  a c c o r d i n g  t o  t h e i r  
c h a r a c t e r s  a n d  t o  g r o u p  t h e m  b y  n u m e r i c a l  m e t h o d s  i n t o  
t a x o n o m i c  u n i t s  ( S n e a t h  & S o k a l ,  1 9 8 5 ) .  S D S - P A G E / s i l v e r  
s t a i n i n g  h a s  b e e n  e x t e n s i v e l y  u s e d  f o r  t a x o n o m i c  
p u r p o s e s  i n  t h e  f u n g i ,  e . g .  M a a s  e t  a l ., ( 1 9 9 0 ) ;  C h e n ,
H o y  &  S c h n e i d e r  ( 1 9 9 1 ) ,  b u t  i t  i s  n e c e s s a r y  t o  u s e  
c o m p u t e r  a n a l y s i s  o f  e l e c t r o p h o r e t i c  p r o t e i n  p a t t e r n s  
( J a c k m a n ,  F e l t h a m  & S n e a t h ,  1 9 8 3 ;  K e r s t e r s ,  1 9 8 5 )  t o  
p r o d u c e  t h e  s h a d o w e d  m a t r i c e s  o r  d e n d r o g r a m s  ( K e r s t e r s ,  
1 9 8 5 )  w h i c h  i n d i c a t e  p o s s i b l e  t a x o n o m i c  r e l a t i o n s h i p s .
H o w e v e r ,  t h e  p r o t e i n  a n d  a n t i g e n  s i m i l a r i t y  i n d i c e s  h a v e  
l a r g e l y  c o n f i r m e d  v i s u a l  i m p r e s s i o n s  t h a t  t h e  d i f f e r e n c e  
i n  b a n d i n g  p a t t e r n  o b s e r v e d  w i t h i n  a  s p e c i e s  i s  n o t  o f  
t h e  s a m e  o r d e r  a s  t h a t  o b s e r v e d  b e t w e e n  s p e c i e s .  
T h e r e f o r e ,  s i m i l a r i t y  i n d i c e s  c o u l d  o f f e r  h i g h l y  p r e c i s e  
a n d  r e l a t i v e l y  s i m p l e  m e a n s  o f  i d e n t i f i c a t i o n  o f  n e w  
i s o l a t e s  o f  S . l a c r y m a n s  a n d  d i f f e r e n t i a t i o n  o f  n o n - S . 
l a c r y m a n s  s p e c i e s .  T h i s  m e t h o d  o f  i d e n t i f i c a t i o n  c o u l d  
b e  e x p l o i t e d  b y  e i t h e r  t h o s e  w h o  a r e  u n s k i l l e d  i n  t h e  
t r a d i t i o n a l  m e t h o d s  f o r  t h e  i d e n t i f i c a t i o n  o f  f u n g i  o r  
e x p e r t s  s e e k i n g  c o n f i r m a t i o n  o f  i d e n t i t y .  T h i s  m e t h o d  o f  
i d e n t i f i c a t i o n  h a s  b e e n  s u c c e s s f u l l y  a p p l i e d  t o  t h e  
B a s i d i o m y c e t e s  C. p u t e a n a  a n d  L. s u l p h u r e u s  (McD o w e l l ,
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1 9 9 2 );  H♦ annosum (G a lb r a ith , 1992) and G. trabeum
( H a i n e y ,  p e r s o n a l  c o m m u n i c a t i o n )  a n d  w a s  u s e d  i n  t h i s  
s t u d y  f o r  t h e  i d e n t i f i c a t i o n  o f  S ♦ l a c r y m a n s  i s o l a t e s  
D I T - 1 0 1  a n d  D I T - 1 0 2 . I f  p r o t e i n  p r o f i l e s  a l l i e d  w i t h  
s i m i l a r i t y  i n d i c e s  a r e  t o  b e  u s e d  f o r  i d e n t i f i c a t i o n  o f  
S . l a c r v m a n s  t h e n  i t  i s  i m p o r t a n t  t h a t  d i f f e r e n t  s p e c i e s  
w h i c h  a r e  l i k e l y  t o  b e  f o u n d  i n  a  s i m i l a r  e n v i r o n m e n t  
h a v e  p r o f i l e s  w h o s e  d i f f e r e n c e s  c a n  b e  q u a n t i f i e d .  T h e  
s i m i l a r i t y  i n d i c e s  c o n s t r u c t e d  f o r  S. l a c r y m a n s  a n d  n o n -  
S . l a c r v m a n s  s p e c i e s  i n d i c a t e d  t h a t  t h i s  c r i t e r i o n  c a n  
b e  s a t i s f i e d .  T h e  i m p o r t a n c e  o f  s t a n d a r d i s a t i o n  o f  
c u l t u r e  m e t h o d s  p r i o r  t o  t h e  u s e  o f  p e r c e n t a g e  
s i m i l a r i t i e s  f o r  i d e n t i f i c a t i o n  o f  S . l a c r y m a n s  w a s  
e m p h a s i s e d  b y  t h e  p r o t e i n  s i m i l a r i t y  i n d e x  f o r  i s o l a t e d  
a n d  n o n - i s o l a t e d  f i e l d  m a t e r i a l .  T h i s  i n d i c a t e d  t h a t  
o n l y  i s o l a t e d  m y c e l i u m  c o u l d  b e  i d e n t i f i e d  w i t h  
c e r t a i n t y  a s  S. l a c r y m a n s  a n d  u n d e r l i n e s  t h e  p r e s e n t  u s e  
o f  i s o l a t e d  m y c e l i u m  f o r  i d e n t i f i c a t i o n  p u r p o s e s .  I n  
s p i t e  o f  s t a n d a r d i s e d  c u l t u r e  m e t h o d s  t h e r e  a r e  s o m e  
p h y s i o l o g i c a l  f e a t u r e s ,  e . g .  g r o w t h  r a t e s ,  w h i c h  c a n n o t  
b e  e q u a l i s e d ;  b u t  p r e v i o u s  w o r k  h a s  i n d i c a t e d  t h a t  
b a n d i n g  p a t t e r n s  o b t a i n e d  b y  a n a l y s i s  o f  S. l a c r y m a n s  
d i d  n o t  r e l a t e  t o  g r o w t h  r a t e s .
I d e n t i f i c a t i o n  o f  S . l a c r y m a n s  i s  i m p o r t a n t  b e c a u s e  
d i f f e r e n t  r e m e d i a l  p r o c e s s e s  a r e  r e q u i r e d  t o  c o u n t e r  t h e  
e f f e c t s  o f  t h i s  o r g a n i s m  c o m p a r e d  t o  o t h e r  w o o d  d e c a y  
B a s i d i o m y c e t e s  ( B r a v e r y  e t  a l , 1 9 8 7 ) .  C u r r e n t l y  f i e l d  
i d e n t i f i c a t i o n  b y  e x p e r i e n c e d  p r o f e s s i o n a l s  w o r k i n g  i n  
r e m e d i a l  t i m b e r  t r e a t m e n t  d e p e n d s  u p o n  i n i t i a l  v i s u a l  
e x a m i n a t i o n  o f  s u s p e c t  t i m b e r .  P e r s o n a l  e x p e r i e n c e  
c o m b i n e d  w i t h  u s e  o f  t e x t s ,  e . g .  C a r t w r i g h t  & F i n d l a y  
( 1 9 5 8 )  o r  B r a v e r y  e t  a l  ( 1 9 8 7 ) ,  a r e  s u b s e q u e n t l y  t h e
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n o r m a l  m e t h o d s  f o r  d i s t i n g u i s h i n g  b e t w e e n  t h e  w o o d  d e c a y  
B a s i d i o m y c e t e s . D i a g n o s i s  c a n  b e  c o n f i r m e d  b y  i s o l a t i o n  
s t u d i e s  a n d  u s e  o f  s p e c i f i c  k e y s ,  e . g  N o b l e s  ( 1 9 6 5 )  o r  
S t a l p e r s  ( 1 9 7 8 ) ,  w h i c h  r e l a t e  i n f o r m a t i o n  o n  a  r a n g e  o f  
p h y s i o l o g i c a l  a n d  m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  o f  a n  
u n k n o w n  i s o l a t e .  H o w e v e r ,  i d e n t i f i c a t i o n  o f  S . l a c r y m a n s  
b y  l e s s  e x p e r i e n c e d  p e r s o n n e l  i s  n o t  s t r a i g h t f o r w a r d ,  
e s p e c i a l l y  i n  t h e  a b s e n c e  o f  f r u i t  b o d i e s ,  a n d  
o c c a s i o n a l l y  d i s p u t e s  a r i s e ,  w i t h  m a j o r  f i n a n c i a l  
i m p l i c a t i o n s ,  a r o u n d  t h e  i d e n t i f i c a t i o n  o f  p a r t i c u l a r  
o u t b r e a k s  o f  d e c a y  f u n g i .
I d e n t i f i c a t i o n  o f  u n k n o w n  i s o l a t e s  a s  S . l a c r y m a n s  
u s u a l l y  p o s e s  f e w  p r o b l e m s  t o  m y c o l o g i s t s .  T h e  f r u i t  
b o d y  a n d  f r e s h  m y c e l i u m  a r e  e a s i l y  d i s t i n g u i s h e d  f r o m  
t h o s e  o f  o t h e r  B a s i d i o m y c e t e s ,  w i t h  t h e  p o s s i b l e  
e x c e p t i o n  o f  S. h i m a n t i o i d e s , w h i l s t  i n  l a b o r a t o r y  
c u l t u r e  t h e  o r g a n i s m  s h o w s  a  n u m b e r  o f  s p e c i f i c  
c h a r a c t e r i s t i c s ,  e . g .  i t s  u n u s u a l  h e a t  s e n s i t i v i t y  a n d  
l o w  t e m p e r a t u r e  g r o w t h  o p t i m u m .  M y c o l o g i s t s  u s e  a  r a n g e  
o f  m e t h o d s  t o  i d e n t i f y  B a s i d i o m y c e t e s ,  e . g .  t h e  p r e s e n c e  
o r  a b s e n c e  o f  c l a m p  c o n n e c t i o n s  i n  t h e  m y c e l i u m ;  
a n a l y s i s  o f  t h e  g r o w t h  o n  s e l e c t i v e  m e d i a  ( H u n t  &  C o b b ,  
1 9 7 1 ) ;  a n d  t h e  u s e  o f  c o m p l e x  k e y s ,  b u t  a l l  a r e  t i m e  
c o n s u m i n g  p r o c e d u r e s ,  e s p e c i a l l y  t h e  l a t t e r  w h i c h  c a n  
t a k e  u p  t o  s i x  w e e k s  t o  g e t  o r g a n i s m  i d e n t i t y  ( N o b l e s ,  
1 9 6 5 ) ,  a n d  n o n e  o f  t h e m  a r e  i n f a l l i b l e .
W h i l s t  t h e  p r o t e i n  a n d  a n t i g e n i c  s i m i l a r i t y  i n d i c e s  h a v e  
c o n f i r m e d  t h a t  t h e  m a j o r i t y  o f  S. l a c r y m a n s  i s o l a t e s  a r e  
i d e n t i c a l  t o  t h e  r e f e r e n c e  i s o l a t e  t h e y  h a v e  a l s o  
q u a n t i f i e d  t h e  o b s e r v e d  d i f f e r e n c e s  o f  t w o  p u t a t i v e  
i s o l a t e s  o f  S . l a c r y m a n s , B F - 0 5 0  a n d  B F - 0 1 5 B .  T h i s  w o u l d
Page -  143
a d d  c r e d e n c e  t o  d o u b t s  p r e v i o u s l y  r a i s e d  a b o u t  t h e  
i d e n t i t y  o f  t h e s e  i s o l a t e s  a f t e r  v i s u a l  o b s e r v a t i o n s  o n  
t h e i r  p r o t e i n  p r o f i l e s  a n d  i t  c o u l d  b e  t h a t  t h e  u s e  o f  
d i f f e r e n t  r e f e r e n c e  s p e c i e s  t o  c o n s t r u c t  s i m i l a r i t y  
i n d i c e s  c o u l d  a i d  i d e n t i f i c a t i o n  o f  t h e s e  i s o l a t e s .
I t  i s  p o s s i b l e  t h a t  m o l e c u l a r  p r o f i l e s  a r e  m o s t  s i m i l a r  
a m o n g s t  t a x o n o m i c a l l y  c l o s e l y  r e l a t e d  o r g a n i s m s  a n d  
i d e n t i f i c a t i o n  o f  t h e  t w o  e x c e p t i o n a l  i s o l a t e s  o f  S . 
l a c r v m a n s  i n v o l v e d  c o m p a r i s o n  o f  t h e i r  m o l e c u l a r  
p r o f i l e s  w i t h  a  r a n g e  o f  s p e c i e s  w h i c h ,  l i k e  S . 
l a c r v m a n s , h a v e  b e e n  c l a s s i f i e d  i n  t h e  g e n u s  M e r u l i u s . 
I n t e r e s t i n g l y ,  t h e  p r o t e i n  a n d  a n t i g e n i c  p e r c e n t a g e  
s i m i l a r i t i e s ,  6 8 . 6  a n d  73 r e s p e c t i v e l y ,  o f  i s o l a t e  B F -  
0 1 5 B  w e r e  m o r e  s i m i l a r  t o  S. h i m a n t i o i d e s  t h a n  t o  a n y  
o t h e r  s p e c i e s  a n a l y s e d .  T h i s  i s  t h e  o n l y  o t h e r  m e m b e r  o f  
t h e  p r e s e n t  g e n u s  S e r p u l a  a n d  i s  s a i d  t o  r e p r e s e n t  S . 
l a c r y m a n s  o u t w i t h  b u i l d i n g s  ( C a r t w r i g h t  &  F i n d l a y ,
1 9 5 8 ) .  H o w e v e r ,  s i n c e  i t  i s  a l s o  f o u n d  w i t h i n  b u i l d i n g s  
a n d  i t s  m y c e l i a l  f o r m  h a s  s i m i l a r i t i e s  t o  S. l a c r v m a n s , 
m i s t a k e  i n  i d e n t i f i c a t i o n  i s  p o s s i b l e .  A d d i t i o n a l  
s u p p o r t  f o r  t h i s  i d e n t i f i c a t i o n  i s  p r o v i d e d  b y  t h e  
p r o t e i n  p e r c e n t a g e  s i m i l a r i t i e s  t o  S. l a c r y m a n s  F P R L  1 2 C  
o f  S. h i m a n t i o i d e s  a n d  B F - 0 1 5 B  w h i c h ,  a t  4 3 . 5  a n d  4 6 . 1  
r e s p e c t i v e l y ,  a r e  v e r y  s i m i l a r .  I t  i s  p r o b a b l e  t h a t  B F -  
0 1 5 B  i s  c o n f i r m e d  a s  a n  i s o l a t e  o f  S. h i m a n t i o i d e s  b y  
t h e  u s e  o f  s i m i l a r i t y  i n d i c e s .
T h e  a n t i g e n i c  p e r c e n t a g e  s i m i l a r i t y  o f  1 0 0  f o r  B F - 0 5 0  
w o u l d  i n d i c a t e  t h a t  t h i s  i s o l a t e  h a d  b e e n  c o r r e c t l y  
i d e n t i f i e d  a s  S . l a c r y m a n s  w e r e  i t  n o t  f o r  t h e  a n o m a l y  
o f  i t s  r e l a t i v e l y  l o w  p r o t e i n  p e r c e n t a g e  s i m i l a r i t y  t o  
S . l a c r v m a n s  F P R L  1 2 C .  H o w e v e r ,  s i n c e  t h e  s i m i l a r i t y
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i n d i c e s  o f  B F - 0 1 5 B  p r o b a b l y  c o n f i r m  i d e n t i t y  a s  S . 
h i m a n t i o i d e s , t h e  i n d i c e s  o f  B F - 0 5 0  m u s t  s i m i l a r l y  
c o n f i r m  i d e n t i t y  a s  S . l a c r y m a n s ♦ T h e s e  c o n c l u s i o n s  
s u p p o r t  t h o s e  o f  S c h m i d t  &  K e b e r n i k  ( 1 9 8 9 )  w h o  i n d i c a t e d  
t h a t  i s o l a t e  B F - 0 5 0  w a s  a n  i s o l a t e  o f  S ♦ l a c r y m a n s  b u t  
B F - 0 1 5 B  w a s  n o t ;  i t  w a s  s u b s e q u e n t l y  s u g g e s t e d  o n  t h e  
b a s i s  o f  g r o w t h  s t u d i e s  t h a t  B F - 0 1 5 B  w a s  a n  i s o l a t e  o f  
t h e  c l o s e l y  r e l a t e d  S. h i m a n t i o i d e s  ( S c h m i d t ,  p e r s o n a l  
c o m m u n i c a t i o n ) . S i n c e  t h e  p r o t e i n  p e r c e n t a g e  s i m i l a r i t y  
o f  B F - 0 5 0  i s  m a r k e d l y  o u t w i t h  t h e  r a n g e  o f  t h e  p r o t e i n  
s i m i l a r i t y  i n d e x  f o r  n o n - S. l a c r y m a n s  i s o l a t e s  t h i s  i s  
c o m p a t i b l e  w i t h  t h e  i d e n t i f i c a t i o n  o f  t h e  o r g a n i s m  a s  S . 
l a c r y m a n s .  S i n c e  i t  i s  a c k n o w l e d g e d  t h a t  t h e r e  a r e  
s u b t l e  d i f f e r e n c e s  b e t w e e n  i n d i v i d u a l s  a t  t h e  s p e c i e s  
a n d  s u b - s p e c i e s  l e v e l  ( F o s t e r ,  1 9 4 9 )  t h e  p r o t e i n  
p e r c e n t a g e  s i m i l a r i t y  o f  i s o l a t e  B F - 0 5 0  w a s  a s s u m e d  t o  
r e p r e s e n t  v a r i a t i o n s  w i t h i n  t h e  s p e c i e s .
T h e  d i f f e r e n c e  b e t w e e n  t h e  p r o t e i n  p e r c e n t a g e  s i m i l a r i t y  
o f  S. l a c r y m a n s  B F - 0 5 0  a n d  t h a t  o f  o t h e r  i s o l a t e s  o f  S . 
l a c r y m a n s  a n a l y s e d  s u g g e s t  t h a t  t h e r e  a r e  o t h e r ,  n o n -  
m o l e c u l a r ,  f e a t u r e s  o f  t h e  o r g a n i s m  w h i c h  w o u l d  
d i f f e r e n t i a t e  i t  f r o m  t h e  o t h e r  i s o l a t e s .  H o w e v e r ,  n o  
o b v i o u s  d i f f e r e n c e s  i n  m o r p h o l o g y  b e t w e e n  B F - 0 5 0  a n d  t h e  
o t h e r  i s o l a t e s  h a v e  b e e n  i d e n t i f i e d  t o  d a t e  a n d  C y m o r e k  
& H e g a r t y  ( 1 9 8 6 ) ,  w h o  a n a l y s e d  a  n u m b e r  o f  
c h a r a c t e r i s t i c s  o f  2 5  i s o l a t e s  o f  S . l a c r y m a n s , r e p o r t e d  
n o  s i g n i f i c a n t l y  d i f f e r e n t  f e a t u r e s  o f  B F - 0 5 0  i n  t e r m s  
o f  g r o w t h  r a t e  o r  d e c a y  o f  t i m b e r .  A n  a l t e r n a t i v e  c a u s e  
m i g h t  b e  t h e  g e o g r a p h i c a l  s i t e  o f  o r i g i n  o f  a n  i s o l a t e .  
H o w e v e r ,  w h i l s t  B F - 0 5 0  i s  a n  A u s t r a l i a n  i s o l a t e ,  s o  a l s o  
a r e  B F - 0 4 6  a n d  B F - 0 4 9 .  I t  i s  i n t e r e s t i n g  t o  s p e c u l a t e  
t h a t  B F - 0 5 0  m a y  r e p r e s e n t  t h e  f i r s t  s t a g e s  o f  a
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s p e c i a t i o n  p r o c e s s .  I f  t h i s  i s  t h e  c a s e  t h e n  i t  m u s t  b e  
c o n c l u d e d  t h a t  t h i s  p r o c e s s  a f f e c t s  w h o l e  c e l l  p r o t e i n s  
o f  t h e  o r g a n i s m  b e f o r e  e i t h e r  t h e  a n t i g e n i c  o r  
g l y c o p r o t e i n  c o m p o n e n t s .  T h e  d i s c r e p a n c y  b e t w e e n  t h e  
p r o f i l e s  o f  B F - 0 1 5 B  a n d  S. h i m a n t i o i d e s  i n d i c a t e d  b y  t h e  
a n t i g e n i c  p e r c e n t a g e  s i m i l a r i t y  o f  B F - 0 1 5 B  m i g h t  s u g g e s t  
t h a t  t h e  p r o c e s s  o f  s p e c i a t i o n  i s  m o r e  f u l l y  d e v e l o p e d  
i n  i s o l a t e  B F - 0 1 5 B  t h a n  i n  B F - 0 5 0 .
W o r k  i n  t h i s  c h a p t e r  h a s  i n d i c a t e d  t h a t  t h e  c o n s t r u c t i o n  
o f  s i m i l a r i t y  i n d i c e s  c a n  q u a n t i f y  d i f f e r e n c e s  i n  
m o l e c u l a r  p r o f i l e s  a n d  e n a b l e  i s o l a t e d  m y c e l i u m  t o  b e  
i d e n t i f i e d  a s  S . l a c r y m a n s . H o w e v e r ,  i t  h a s  y e t  t o  b e  
e s t a b l i s h e d  c o n c l u s i v e l y  w h e t h e r  n o n - i s o l a t e d  m a t e r i a l ,  
e i t h e r  d i f f e r e n t  m o r p h o l o g i c a l  f o r m s  o r  w i t h i n  w o o d ,  c a n  
b e  i d e n t i f i e d  a s  S. l a c r y m a n s  i n  t h i s  w a y .  T h e  p r e s e n t  
w o r k  h a s  i n d i c a t e d  t h a t  s t a n d a r d  m y c e l i u m  i s  n o t  
a p p r o p r i a t e  a s  a  r e f e r e n c e  s a m p l e  t o  e s t a b l i s h  
p e r c e n t a g e  s i m i l a r i t y  i n d i c e s  w h i c h  e n a b l e  n o n - i s o l a t e d  
S . l a c r v m a n s  t o  b e  i d e n t i f i e d .  C r i t i c i s m  w h i c h  c o u l d  b e  
d i r e c t e d  a g a i n s t  t h e  p r e s e n t  u s e  o f  s i m i l a r i t y  i n d i c e s  
f o r  i d e n t i f i c a t i o n  w o u l d  c e n t r e  r o u n d  t h e  s u b j e c t i v e  
n a t u r e  o f  a s s e s s m e n t  o f  t h e  b a n d s  i n  t h e  p r o t e i n  o r  
a n t i g e n i c  p r o f i l e .  H o w e v e r ,  s c a n n i n g  e q u i p m e n t  l i n k e d  t o  
a p p r o p r i a t e  c o m p u t e r  s o f t w a r e  c o u l d  r e m o v e  t h i s  
s u b j e c t i v i t y  a n d  w o u l d  a l l o w  s i m i l a r i t y  i n d i c e s  t o  b e  
c o n s t r u c t e d  w h i c h  w o u l d  b e  h i g h l y  r e l i a b l e  i n d i c a t o r s  o f  
i d e n t i t y .
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CHAPTER 6. THE EFFECT OF CULTURAL FACTORS ON THE 
MOLECULAR PROFILE OF S. lacrym an s FPRL 
12C.
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6 .1  G en era l in t r o d u c t io n .
S t u d i e s  r e p o r t e d  i n  c h a p t e r s  3 - 5  h a v e  a n a l y s e d  S . 
l a c r v m a n s  m y c e l i u m  g r o w n  i n  s t a n d a r d i s e d  c o n d i t i o n s  
w h i c h  r e s u l t e d  i n  r e p r o d u c i b l e  m o l e c u l a r  p r o f i l e s .  I n  
t h e  n a t u r a l  e n v i r o n m e n t  c o n d i t i o n s  a r e  a n y t h i n g  b u t  
s t a n d a r d i s e d ,  a n d  a  s m a l l  s t u d y  i n  c h a p t e r  5 h a d  
i n d i c a t e d  t h a t  t h e  p r o t e i n  p r o f i l e  o f  t h e  n o n - i s o l a t e d  
o r g a n i s m  c o u l d  b e  e x p e c t e d  t o  v a r y .  H o w e v e r ,  n o  
a s s e s s m e n t  h a d  y e t  b e e n  m a d e  a b o u t  t h e  e f f e c t  o f  
e n v i r o n m e n t a l  f a c t o r s  o n  t h e  p r o f i l e  o f  S . l a c r y m a n s  
F P R L  1 2 C . I t  i s  p o s s i b l e  f o r  S. l a c r v m a n s  t o  b e  a f f e c t e d  
i n  t h e  l a b o r a t o r y  b y  s u b c u l t u r e ,  t e m p e r a t u r e ,  o t h e r  
o r g a n i s m s  a n d  c o n t e n t s  o f  m e d i u m .  S t u d i e s  w e r e  i n i t i a t e d  
i n t o  t h e  e f f e c t s  o f  t h e s e  p a r a m e t e r s  o n  t h e  m o l e c u l a r  
p r o f i l e s  o f  S . l a c r y m a n s  i n  o r d e r  t o  i d e n t i f y  a n y  
c h a n g e s  i n  m o l e c u l a r  n a t u r e  d u e  t o  d i f f e r e n t  c u l t u r a l  
c o n d i t i o n s  p r i o r  t o  i n v e s t i g a t i o n  o f  p r o f i l e s  r e s u l t i n g  
f r o m  g r o w t h  i n  a n  u n c o n t r o l l e d  e n v i r o n m e n t .
T h e  m a i n  o b j e c t i v e  o f  w o r k  i n  t h i s  c h a p t e r  w a s  t o  a s s e s s  
t h e  e f f e c t  o f  l e t h a l  f a c t o r s  a n d  v a r i a t i o n s  i n  t h e  
e s t a b l i s h e d  m e t h o d  o f  c u l t u r e  u p o n  t h e  S D S - P A G E / s i l v e r  
s t a i n  a n d / o r  a n t i g e n i c  p r o f i l e s  o f  S. l a c r v m a n s  F P R L  1 2 C  
m y c e l i u m .  T h e  f a c t o r s  w h i c h  w e r e  i n v e s t i g a t e d  w e r e
1. B a s i c  p a r a m e t e r s  o f  c u l t u r e :
a. G r o w t h  o n  s o l i d  m e d i u m .
b .  W a s h i n g  s t a g e s  p r i o r  t o  f r e e z e  d r y i n g .
c. T h e  a g e  o f  t h e  c u l t u r e  u s e d  f o r  g r o w t h  o f  
s t a n d a r d  m y c e l i u m .
d. T h e  p e r i o d  b e t w e e n  i n o c u l a t i o n  a n d  h a r v e s t  o f  
m y c e l i u m .
2. T h e  t o t a l  n i t r o g e n  (TN) c o n t e n t  o f  t h e  m e d i u m .
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3. T h e  h a r v e s t  o f  d i f f e r e n t  r e g i o n s  o f  m y c e l i u m  
r e p r e s e n t e d  b y  y o u n g  a n d  a g e d  m y c e l i u m .
4. T h e  e f f e c t  o f  e x p o s u r e  t o  l e t h a l  c o n d i t i o n s .
a. A  t e m p e r a t u r e  o f  4 0 ° C .
b .  3 s p e c i e s  o f  T r i c h o d e r m a .
6 . 2  V a r i a t i o n  i n  t h e  b a s i c  p a r a m e t e r s  o f  c u l t u r e .
S D S - P A G E / s i l v e r  s t a i n i n g  a n d  w e s t e r n  b l o t t i n g  w e r e  u s e d  
t o  d e t e r m i n e  w h e t h e r  t h e  p r o t e i n  b a n d i n g  p a t t e r n  o r  t h e  
m a j o r  a n t i g e n s  o f  S ♦ l a c r y m a n s  F P R L  1 2 C  w e r e  a f f e c t e d  b y  
t h e  t y p e  o f  g r o w t h  m e d i u m ,  t h e  w a s h i n g  s t a g e s  a f t e r  
h a r v e s t  o f  m y c e l i u m ,  t h e  a g e  o f  c u l t u r e  i n o c u l a t e d  f o r  
g r o w t h  o f  m y c e l i u m ,  o r  t h e  t i m e  o f  h a r v e s t  o f  m y c e l i u m .  
T h e  r e s u l t s  o f  t w o  a n a l y s e s  a r e  s h o w n  i n  T a b l e  12 
( p r o t e i n  s i m i l a r i t y  i n d e x )  a n d  F i g u r e  2 6  ( w e s t e r n  b l o t )  
a n d  i n d i c a t e  t h a t  a l l  h a r v e s t s  h a d  e s s e n t i a l l y  i d e n t i c a l  
p r o t e i n  a n d  a n t i g e n i c  p r o f i l e s ,  e . g .  c o m p a r e  F i g u r e  2 6 ,  
t r a c k s  2 a n d  3 o r  3 a n d  1 4 .  T h e  m a j o r  p r o t e i n s  a n d  
a n t i g e n s  o f  S . l a c r y m a n s  F P R L  1 2 C  s t a n d a r d  a n d  a g a r  
g r o w n  m y c e l i u m  h a r v e s t e d  a f t e r  d i f f e r e n t  t i m e s  a n d  f r o m  
d i f f e r e n t  a g e s  o f  s u b c u l t u r e  w e r e  s i m i l a r ;  t h u s  
i n d i c a t i n g  t h a t  n e i t h e r  s u b c u l t u r e ,  a g e  o f  c u l t u r e ,  t y p e  
o f  m e d i u m  n o r  t h e  w a s h i n g  s t a g e s  h a d  a  m a r k e d  e f f e c t  o n  
t h e  p r o t e i n s  a n d  a n t i g e n s  d e t e c t e d  b y  t h e  t w o  
t e c h n i q u e s .
6 . 3  T h e  e f f e c t  o f  T N  c o n t e n t  o f  t h e  g r o w t h  m e d i u m .
V i s u a l  o b s e r v a t i o n s  m a d e  w h i l s t  S . l a c r y m a n s  w a s  u n d e r  
c u l t u r e  i n d i c a t e d  t h a t  t h e  a m o u n t  o f  T N  i n  t h e  m e d i u m
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T ab le  1 2 : P r o te in  s i m i l a r i t y  in d e x  o f  S . lacrym an s FPRL 12C
a f t e r  v a r i a t i o n  i n  b a s i c  c u l t u r a l  p a r a m e t e r s .
S u b c u l t u r e  A g e  a t  u s e U p l i f t P e r c e n t a g e s i m i l a r i t y
n u m b e r ( m o n t h s ) (days) S t a n d a r d A g a r  g r o w n
m y c e l i u m m y c e l i u m
1 0 3 98 99
1 0 5 99 98 (2)
1 0 7 100 (2) 99
1 0 10 99 100
2 2 10 98 (2) 99
3 6 10 98 (2) 100 (2)
A l l a n a l y s e s  w e r e m a d e  i n t r i p l i c a t e  u n l e s s i n d i c a t e d
o t h e r w i s e  b y  t h e f i g u r e  i n . p a r e n t h e s i s ,  ( )
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F ig u r e  2 6 : The e f f e c t  o f  th e  v a r i a t io n  o f  b a s ic  c u l t u r a l
p a r a m e t e r s  o n  t h e  a n t i g e n i c  p r o f i l e  o f  S .
1 a e r y m a n s  F P R L  1 2 C .
. . . 5 . . . . 10 • • • • 15 •
T r a c k  1  r e p r e s e n t s  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k s  2 ,  9  a n d  1 6  r e p r e s e n t  s t a n d a r d  m y c e l i u m  o f  S .
1 a e r y  m a n s  F P R L  1 2 C .
T r a c k s  3 - 8  r e p r e s e n t  a g a r  g r o w n  m y c e l i u m  a n d  t r a c k s  1 0  -  
1 5  r e p r e s e n t  m a t e r i a l  h a r v e s t e d  f r o m  l i q u i d  
c u l t u r e .
S u b c u l t u r e  a t  0  w e e k s  i s  r e p r e s e n t e d  b y  t r a c k s  5 - 8  a n d  1 2  
-  1 5 ;  t r a c k s  h a r v e s t e d  a t  1 0 ,  7 ,  5  a n d  3  d a y s  
r e s p e c t i v e l y .
S u b c u l t u r e  a t  2  m o n t h s  i s  r e p r e s e n t e d  b y  t r a c k s  4  a n d  1 1 ;
a n d  s u b c u l t u r e  a t  6  m o n t h s  i s  r e p r e s e n t e d  b y  
t r a c k s  3  a n d  1 0 .
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h a d  a  m a r k e d  e f f e c t  u p o n  t h e  a p p e a r a n c e  o f  t h e  r e s u l t a n t  
g r o w t h  f r o m  a n  i n o c u l u m  ( F i g u r e  2 7 ) .  H y p h a e  f o r m e d  a  
d e n s e r  m y c e l i u m  i n  m e d i a  c o n t a i n i n g  h i g h e r  a m o u n t s  o f  T N  
t h a n  t h o s e  g r o w i n g  i n  m e d i a  w i t h  a  l o w e r  c o n c e n t r a t i o n  
o f  T N ,  e . g .  c o m p a r e  p l a t e s  1 o r  2 w i t h  4 o r  5. 
A d d i t i o n a l l y ,  t h e r e  w a s  a  m a r k e d  v i s u a l  d i f f e r e n c e  
b e t w e e n  m y c e l i u m  g r o w n  o n  5 %  M E B  c o n t a i n i n g  2 . 3 6 %  T N  
( p l a t e  1) a n d  t h a t  g r o w n  o n  m e d i u m  c o n t a i n i n g  2 . 3 6 %  T N  
d e r i v e d  f r o m  m y c o l o g i c a l  p e p t o n e  o n l y  ( p l a t e  2 ) ;  e q u a l l y  
n o t i c e a b l e  w a s  t h e  p a u c i t y  o f  g r o w t h  f r o m  a n  i n o c u l u m  i n  
m e d i u m  c o n t a i n i n g  n o  T N  ( p l a t e  5 ) .
S D S - P A G E / s i l v e r  s t a i n i n g  ( F i g u r e  2 8 )  a n d  w e s t e r n  
b l o t t i n g  ( F i g u r e  2 9 )  i n d i c a t e d  t h a t  n o  a n t i g e n s  o r  
p r o t e i n s  w e r e  d e t e c t e d  i n  t h e  m e d i a  w i t h i n  w h i c h  S . 
l a c r y m a n s  h a d  b e e n  c u l t u r e d ,  e . g .  F i g u r e  2 9 ,  t r a c k s  3 -
7. F e w  p r o t e i n s  w e r e  d e t e c t e d  b y  S D S - P A G E / s i l v e r  
s t a i n i n g  i n  m y c e l i u m  w h i c h  h a d  b e e n  c u l t u r e d  i n  0 %  T N  
( F i g u r e  2 8 ,  t r a c k s  1 1  a n d  12) a n d  t h e  n u m b e r  o f  p r o t e i n s  
a p p e a r e d  t o  b e  d i r e c t l y  r e l a t e d  t o  t h e  T N  c o n t e n t  o f  t h e  
m e d i u m .  B o t h  a n a l y s e s  i n d i c a t e  t h a t  t h e  o v e r a l l  b a n d i n g  
p a t t e r n  d o e s  n o t  c h a n g e  m a r k e d l y  p r o v i d e d  t h a t  t h e  
m e d i u m  c o n t a i n s  a  s o u r c e  o f  T N  ( F i g u r e  2 9 ,  t r a c k s  8 - 
1 6 ) .  H o w e v e r ,  S D S - P A G E / s i l v e r  s t a i n  a n a l y s i s  i n d i c a t e s  
t h a t  s o m e  m a j o r  p r o t e i n s  c h a n g e  t h e i r  n a t u r e  a s  t h e  T N  
c o n t e n t  o f  t h e  m e d i u m  d e c r e a s e s ,  e . g .  3 5  k D a  a n d  1 5 . 5  
k D a  w h i c h  c e a s e  t o  b e  m a j o r  p r o t e i n s  b e l o w  2 . 3 6 %  T N .
S o m e  m a j o r  p r o t e i n s  a l s o  a p p e a r ,  e . g .  2 2 . 5  k D a  w h i c h  
a p p e a r s  i n  m y c e l i u m  g r o w n  i n  m e d i a  p r e p a r e d  f r o m  
m y c o l o g i c a l  p e p t o n e  a n d  w h i c h  c o n t a i n  2 . 3 6 %  T N  a n d  
0 . 1 2 7 %  T N  ( t r a c k s  5 - 8 ) .  T h e  o n l y  n o t a b l e  d i f f e r e n c e  
s h o w n  b e t w e e n  a n t i g e n i c  p r o f i l e s  i s  a n t i g e n  1 9  (12 k D a )
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l a c r v m a n s  F P R L  1 2 C  a f t e r  7  d a y s  c u l t u r e  i n  l i q u i d  
m e d i a  c o n t a i n i n g  d i f f e r i n g  a m o u n t s  o f  t o t a l  
n i t r o g e n  ( T N ) .
F ig u r e  2 7 : The m o r p h o lo g ic a l a p p ea ran ce  o f  m ycelium  o f  S .
P l a t e 1 c o n t a i n s 5 %  m a l t  e x t r a c t  b r o t h
P l a t e 2 c o n t a i n s m e d i u m w i t h 2 . 3 6 %  T N .
P l a t e 3 c o n t a i n s m e d i u m w i t h 0 . 1 2 7 %  T N
P l a t e 4 c o n t a i n s m e d i u m w i t h 0 . 0 3 %  T N .
P l a t e 5 c o n t a i n s m e d i u m w i t h 0 . 0 %  T N .
T N )  .
F i g u r e
T r a c k s
T r a c k s
T r a c k s
T r a c k s
2 8 : S D S - P A G E / s i l v e r  s t a i n  a n a l y s i s  o f  S . l a c r y m a n s  
F P R L  1 2 C  g r o w n  i n  l i q u i d  m e d i a  c o n t a i n i n g  
d e c r e a s i n g  a m o u n t s  o f  t o t a l  n i t r o g e n  ( T N ) .
I • • * 5 10 15 * *
o  r e p r e s e n t s  p r o t e i n s  w h i c h  b e c o m e  l e s s  m a j o r .  
. r e p r e s e n t s  n e w  p r o t e i n s .
1  a n d  1 8  r e p r e s e n t  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d
p r o t e i n s .
2  a n d  1 7  r e p r e s e n t  s t a n d a r d  m y c e l i u m  o f  S .  l a c r y m a n s
F P R L  1 2 C .
3 - 1 2  r e p r e s e n t  S .  l a c r y m a n s  F P R L  1 2 C  m y c e l i u m  
c u l t u r e d  i n  5 %  M E B  ( 3 ,  4 ) ;  2 . 3 6 %  T N  ( 5 ,  6 ) ;
0 . 1 2 7 %  T N  ( 7 ,  8 ) ;  0 . 0 3 %  T N  ( 9 ,  1 0 )  a n d  0 . 0 %  T N
(11, 12) .
1 3  -  1 6  r e p r e s e n t  t h e  c u l t u r e  m e d i a  a f t e r  g r o w t h  o f
S .  l a c r y m a n s  F P R L  1 2 C  s h o w n  i n  t r a c k s  3  -  1 2 .  T h e  
f o l l o w i n g  t r a c k s  r e p r e s e n t  m e d i a  c o n t a i n i n g  2 . 3 6 %  
T N  ( 1 3 ) ;  0 . 1 2 7 %  T N  ( 1 4 ) ;  0 . 0 3 %  T N  ( 1 5 )  a n d  0 . 0 %
T N  ( 1 6 ) .
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F i g u r e  2 9 ; W e s t e r n  b l o t  a n a l y s i s  o f  a n t i g e n s  o f  S .  1 a e r y m a n s  
F P R L  1 2 C  g r o w n  i n  l i q u i d  m e d i u m  c o n t a i n i n g
d e c r e a s i n g  a m o u n t s  o f  t o t a l  n i t r o g e n  ( T N )  .
• • • • % • 10 • • • • 15 •
js  —  •—  f s  %
T r a c k s  1  a n d  1 8  r e p r e s e n t  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k s  2 ,  8  a n d  1 7  r e p r e s e n t  s t a n d a r d  m y c e l i u m  o f  S .
1 a e r y m a n s  F P R L  1 2 C .
T r a c k s  3 - 7  r e p r e s e n t  m e d i u m  a f t e r  c u l t u r e  o f  S .  l a c r y m a n s  
F P R L  1 2 C  i n  0 . 0 %  T N  ( 3 ) ;  0 . 0 3 %  T N  ( 4 ) ;  0 . 1 2 7 %  T N  
( 5 ) ;  2 . 3 6 %  T N  ( 6 )  a n d  5 %  M E B  ( 7 ) .
T r a c k s  9 - 1 6  r e p r e s e n t  S . l a c r y m a n s  F P R L  1 2 C  c u l t u r e d  i n  
0 . 0 3 %  T N  ( 9 ,  1 0 ) ;  0 . 1 2 7 %  T N  ( 1 1 ,  1 2 ) ;  2 . 3 6 %  T N  
( 1 3 ,  1 4 )  a n d  5 %  M E B  ( 1 5 ,  1 6 ) .
i n d i c a t e s  a n t i g e n  1 9 .
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w h i c h  i s  p r e s e n t  i n  s t a n d a r d  m y c e l i u m  o n l y  ( F i g u r e  2 9 ,  
t r a c k s  1 5  - 1 7 ) .
T h e  p r o t e i n  s i m i l a r i t y  i n d e x  ( T a b l e  13) c o n f i r m s  t h e  
a b s e n c e  o f  d e t e c t a b l e  p r o t e i n s  i n  m y c e l i u m  c u l t u r e d  i n  
0 %  T N  m e d i u m ;  i l l u s t r a t e s  t h a t  t h e r e  i s  a  d i f f e r e n c e  
b e t w e e n  t h e  p r o t e i n s  i n  m y c e l i u m  c u l t u r e d  i n  d i f f e r e n t  
m e d i a  c o n t a i n i n g  s i m i l a r  a m o u n t s  o f  T N ,  v i z  5 %  M E B  a n d  
2 . 3 6 %  T N ;  a n d  i n d i c a t e s  t h a t  t h e  b a n d i n g  p a t t e r n  c h a n g e s  
a s  t h e  T N  c o n t e n t  o f  t h e  m e d i u m  d e c r e a s e s .  I n  a d d i t i o n ,  
T a b l e  1 3  i n d i c a t e s  t h a t  t h e r e  i s  a  r e l a t i v e l y  h i g h  
d e g r e e  o f  s i m i l a r i t y  b e t w e e n  m y c e l i u m  o f  S. l a c r y m a n s  
c u l t u r e d  i n  m e d i a  c o n t a i n i n g  d i f f e r e n t  a m o u n t s  o f  T N ;  
a n d  t h a t  t h e  p r o t e i n  s i m i l a r i t y  i n d e x  i s  m o r e  l i k e  t h a t  
e s t a b l i s h e d  f o r  b o n a  f i d e  i s o l a t e s  o f  S . l a c r y m a n s  FPRL 
1 2 C  ( T a b l e  8) t h a n  t h a t  f o r  n o n - S. l a c r y m a n s  s p e c i e s  
( T a b l e  9 ) ,  e . g .  i n  0 . 0 3 %  T N  a  s i m i l a r i t y  o f  7 4 . 7  w a s  
o b t a i n e d  w h i c h  i s  m a r k e d l y  h i g h e r  t h a n  t h e  4 3 . 5  o b t a i n e d  
f o r  t h e  n o n - S. l a c r y m a n s  i s o l a t e  w h i c h  w a s  m o s t  s i m i l a r  
t o  S. l a c r y m a n s  ( T a b l e  9 ) .
6 . 4  T h e  h a r v e s t  o f  d i f f e r e n t  r e g i o n s  o f  m y c e l i u m .
T h r e e  s e p a r a t e  u p l i f t s  o f  y o u n g  a n d  a g e d  m y c e l i u m  o f  S . 
l a c r v m a n s  F P R L  1 2 C  w e r e  a n a l y s e d  b y  S D S - P A G E / s i l v e r  
s t a i n i n g  a n d  w e s t e r n  b l o t t i n g  t o  d e t e r m i n e  i f  t h e  
p r o t e i n  a n d  a n t i g e n i c  p r o f i l e s  o f  s t a n d a r d  m y c e l i u m  o f  
S . l a c r y m a n s  F P R L  1 2 C  w a s  r e p r e s e n t a t i v e  o f  a l l  p a r t s  o f  
l a b o r a t o r y  i s o l a t e d  m y c e l i u m .  T h e  p r o t e i n  p r o f i l e s  a r e  
s h o w n  i n  F i g u r e  3 0  a n d  i n d i c a t e ,  f i r s t l y ,  t h a t  t h e r e  i s  
a d i f f e r e n c e  i n  p r o f i l e  b e t w e e n  s t a n d a r d ,  y o u n g  a n d  a g e d  
m y c e l i u m  a n d ,  s e c o n d l y ,  t h a t  p r o f i l e s  a r e  s i m i l a r
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T a b l e  1 3 : P r o t e i n  s i m i l a r i t y  i n d e x  o f  m y c e l i u m  o f  S ♦
l a c r y m a n s  F P R L  1 2 C  c u l t u r e d  i n  m e d i a  c o n t a i n i n g  
d i f f e r i n g  a m o u n t s  o f  t o t a l  n i t r o g e n  ( T N ) .
Components o f 
medium
% TN P ercen tag e
s i m i l a r i t y
M alt e x t r a c t  b ro th  (5%) 2 .36
M yco log ical p e p to n e /d e x tro s e  2 .36
0.127
0.03




74 .7  (4)
* (2)
* in d ic a te s  to o  few p r o te in s  fo r  a n a ly s i s .  
( ) in d ic a te s  number o f a n a ly s e s .
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F i g u r e  3 0 : S D S - P A G E / s i l v e r  s t a i n  a n a l y s i s  o f  y o u n g  a n d  a g e d  
m y c e l i u m  o f  S .  l a c r y m a n s  F P R L  1 2 C .
I . . .  5 . . .  9
T r a c k  1  r e p r e s e n t s  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  p r o t e i n s .  
T r a c k s  2  a n d  9  r e p r e s e n t  s t a n d a r d  m y c e l i u m  o f  S . l a c r y m a n s  
F P R L  1 2 C .
T r a c k s  3 - 5  r e p r e s e n t  3  s e p a r a t e  u p l i f t s  o f  y o u n g  m y c e l i u m  
o f  S .  l a c r y m a n s  F P R L  1 2 C .
T r a c k s  6 - 8  r e p r e s e n t  3  s e p a r a t e  u p l i f t s  o f  a g e d  m y c e l i u m  
o f  S .  l a c r y m a n s  F P R L  1 2 C .
P a g e  -  1 5 8
b e t w e e n  u p l i f t s  o f  e a c h  t y p e  o f  m y c e l i u m ,  e . g .  c o m p a r e  
t r a c k s  3 - 5 .  Y o u n g  a n d  a g e d  m y c e l i u m  h a d  p r o t e i n  
p e r c e n t a g e  s i m i l a r i t i e s  o f  7 2 . 1  a n d  6 4 . 4  r e s p e c t i v e l y .
T h e  r e s u l t  o f  a  w e s t e r n  b l o t  a n a l y s i s  ( F i g u r e  31) 
i n d i c a t e s  t h a t  t h e  d i f f e r e n c e s  b e t w e e n  s t a n d a r d ,  y o u n g  
a n d  a g e d  m y c e l i u m  m a k e  f o r  i n s t a n t  d i s c r i m i n a t i o n  
b e t w e e n  e a c h  t y p e  o f  m y c e l i u m  i n  s p i t e  o f  t h e  
s i m i l a r i t i e s  w h i c h  c a n  b e  o b s e r v e d  b e t w e e n  s t a n d a r d  a n d  
e i t h e r  y o u n g  o r  a g e d  m y c e l i u m .  Y o u n g  m y c e l i u m  n o t a b l y  
p o s s e s s e s  r e l a t i v e l y  w e l l  d e f i n e d  m a j o r  a n t i g e n s  6, 9 
a n d  1 0  ( t r a c k s  4 - 6 )  w h i c h  a r e  a b s e n t  i n  a g e d  m y c e l i u m  
( t r a c k s  2 a n d  3 ) .  T h e  m a j o r  a n t i g e n s  i n  a g e d  m y c e l i u m  
a r e  a n t i g e n s  15, 7 a n d  1 1 ;  t h e  l a s t  t w o ,  i n  c o m m o n  w i t h  
m o s t  a n t i g e n s  o f  a g e d  m y c e l i u m ,  b e i n g  r e p r e s e n t e d  b y  
d i f f u s e  b a n d s .  A n t i g e n s  f r o m  b o t h  y o u n g  a n d  a g e d  
m y c e l i u m  c o u l d  b e  f o u n d  i n  t h e  s t a n d a r d  p r e p a r a t i o n  o f  
F P R L  1 2 C ,  e . g .  a n t i g e n  1 0 ,  a n d  p o s s i b l y  2, 7, 9 a n d  11, 
w e r e  c o m m o n  t o  y o u n g  a n d  s t a n d a r d  m y c e l i u m  i n  F i g u r e  3 1  
b u t  o t h e r  e x p e r i m e n t s  r e v e a l e d  t h e  p r e s e n c e  a l s o  o f  
a n t i g e n s  6 a n d  9 i n  s t a n d a r d  m y c e l i u m ;  w h i l s t  a n t i g e n s  
1, 7, 11, a n d  p o s s i b l y  2, 3, 4, 5, 15, w e r e  c o m m o n  t o  
s t a n d a r d  a n d  a g e d  m y c e l i u m .
6 . 5  T h e  e f f e c t  o f  c u l t u r e  a t  4 0 ° C .
S D S - P A G E / s i l v e r  s t a i n i n g  a n d  w e s t e r n  b l o t t i n g  w e r e  u s e d  
t o  a n a l y s e  S. l a c r y m a n s  a n d  S. h i m a n t i o i d e s  w h i c h  h a d  
b e e n  c u l t u r e d  f o r  d i f f e r e n t  p e r i o d s  o f  t i m e  a t  4 0 ° C  i n  
o r d e r  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  t e m p e r a t u r e  o n  S . 
l a c r y m a n s . V i s u a l  o b s e r v a t i o n s  o f  S D S - P A G E / s i l v e r  
s t a i n e d  g e l s  ( r e s u l t s  n o t  s h o w n )  i n d i c a t e d  t h a t  c h a n g e s
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F i g u r e  3 1 : W e s t e r n  b l o t  a n a l y s i s  o f  y o u n g  a n d  a g e d  m y c e l i u m
o f  S .  l a c r y m a n s  F P R L  1 2 C .
. . . 5 . . 8
B f f " N
T r a c k  8  r e p r e s e n t s  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  p r o t e i n s .  
T r a c k s  1  a n d  7  r e p r e s e n t  s t a n d a r d  m y c e l i u m  o f  S . l a c r y m a n s  
F P R L  1 2 C .
T r a c k s  2  a n d  3  r e p r e s e n t  2  s e p a r a t e  u p l i f t s  o f  a g e d  
m y c e l i u m .
T r a c k s  4 - 6  r e p r e s e n t  3  s e p a r a t e  u p l i f t s  o f  y o u n g  m y c e l i u m .
.  r e p r e s e n t s  a n t i g e n s  6 ,  9  a n d  1 0 .
1_, 1 1  r e p r e s e n t  a n t i g e n s  7  a n d  1 1 .
P a g e  -  1 6 0
h a d  o c c u r r e d  w h i c h  a r e  a n a l y s e d  i n  T a b l e  1 4 .  T h i s  
i l l u s t r a t e s  t h a t  a f t e r  6 h o u r s  a t  4 0 ° C  t h e  o n l y  p r o t e i n s  
w h i c h  h a d  b e e n  l o s t  w e r e  i n  a g e d  m y c e l i u m  o f  S. 
h i m a n t i o i d e s . T h e  m a j o r  c h a n g e s  o b s e r v e d  i n  b o t h  
o r g a n i s m s  a f t e r  2 4  h o u r s  a t  4 0 ° C  i n d i c a t e  t h a t  p r o t e i n s  
o f  y o u n g  a n d  a g e d  m y c e l i u m  o f  S. h i m a n t i o i d e s  a r e  
p r o b a b l y  m o r e  r e s i s t a n t  t o  e x p o s u r e  t o  4 0 ° C  t h a n  t h o s e  
o f  S. l a c r y m a n s ; a n d ,  w h i l s t  y o u n g  m y c e l i u m  o f  S . 
h i m a n t i o i d e s  i s  p r o b a b l y  m o r e  r e s i s t a n t  t o  4 0 ° C  t h a n  
a g e d  m y c e l i u m ,  t h e  t w o  d i f f e r e n t  m o r p h o l o g i c a l  r e g i o n s  
o f  S. l a c r y m a n s  a r e  e q u a l l y  a f f e c t e d .  T h e  r e s u l t s  i n  
T a b l e  1 4  a l s o  i n d i c a t e  t h a t  t h e  v i a b i l i t y  o f  S . 
l a c r y m a n s  i s  a f f e c t e d  a f t e r  > 1  h o u r  a t  4 0 ° C ,  w h e r e a s  S . 
h i m a n t i o i d e s  i s  n o t  a f f e c t e d  t i l l  > 6  h o u r s  a t  4 0 ° C .  O n e  
n e w  p r o t e i n  w a s  r e c o r d e d  a t  3 8  k D a  i n  y o u n g  m y c e l i u m  o f  
S . l a c r y m a n s  a f t e r  2 4  h o u r s  i n c u b a t i o n  a t  4 0 ° C .
W e s t e r n  b l o t  r e s u l t s  o f  S . l a c r y m a n s  ( F i g u r e  3 2 )  a n d  S . 
h i m a n t i o i d e s  i n d i c a t e d  t h a t  i t  w a s  p o s s i b l e  t o  d e t e c t  
a n t i g e n s  i n  b o t h  y o u n g  a n d  a g e d  m y c e l i u m  a f t e r  a l l  
i n c u b a t i o n  p e r i o d s .  I n  g e n e r a l ,  t h e  r e s u l t s  p r o d u c e d  b y  
w e s t e r n  b l o t t i n g  c o n f i r m e d  c o n c l u s i o n s  r e a c h e d  a f t e r  
S D S - P A G E / s i l v e r  s t a i n i n g ,  v i z  m a j o r  c h a n g e s  i n  p r o f i l e  
f o r  b o t h  y o u n g  a n d  a g e d  m y c e l i u m  o f  b o t h  s p e c i e s  w e r e  
o n l y  n o t i c e a b l e  a f t e r  2 4  h o u r s  i n c u b a t i o n  a t  4 0 ° C ,  e . g .  
F i g u r e  3 2 ,  t r a c k s  4 a n d  1 0 .  A n t i g e n s  6 a n d  1 0  a r e  
e s p e c i a l l y  p r o m i n e n t  i n  y o u n g  m y c e l i u m  o f  S . l a c r y m a n s  
( t r a c k s  1 1  - 14) b u t  a f t e r  2 4  h o u r s  a t  4 0 ° C  ( t r a c k  10) 
t h e r e  i s  a  l o s s  o f  p r o m i n e n c e  o f  t h e s e  a n t i g e n s ,  w i t h  
t h e  r e s u l t  t h a t  t h e  p r o f i l e  b e a r s  a  c l o s e r  r e s e m b l a n c e  
t o  a g e d  m y c e l i u m  t h a n  y o u n g  m y c e l i u m ,  e . g .  c o m p a r e  
t r a c k s  6 a n d  1 0 .  A g e d  m y c e l i u m  o f  S. l a c r y m a n s  s h o w s  
l i t t l e  c h a n g e  o v e r  t h e  0 - 6  h o u r  i n c u b a t i o n  p e r i o d s
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T a b l e  1 4 : T h e  e f f e c t  o f  i n c u b a t i o n  a t  4 0 ° C  o n  t h e  v i a b i l i t y  
a n d  t h e  p r o t e i n s  d e t e c t e d  b y  S D S - P A G E / s i l v e r  
s t a i n i n g  o f  a g a r  g r o w n  m y c e l i u m  o f  S. l a c r y m a n s  
F P R L  1 2 C  a n d  S. h i m a n t i o i d e s .
P erio d  V ia b i l i t y  P ercen tag e  lo s s  in  p r o te in s
a t  40°C d e te c te d  by SDS-PAGE/s. s t a i n
(h o u rs )
S . lacrym ans S. h im a n tio id e s  S . lacrym ans S. h im a n tio id e s
Young Aged Young Aged
0 + + 0 0 0 0
1 + + 0 k 0 0
4 - + 0 k 0 0
6 - + 0 0 0 7 1 .4
24 8 7 .2 9 3 .6 4 7 .6 7 6 .9
2 4  N e w  p r o t e i n s  (kD a )  3 8
* i n d i c a t e s  i n s u f f i c i e n t  m y c e l i u m  f o r  a n a l y s i s .  
+ 11 v i a b l e  a f t e r  s u b c u l t u r e .
" n o t  v i a b l e  a f t e r  s u b c u l t u r e .
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F i g u r e  3 2 ; T h e  e f f e c t  o f  i n c u b a t i o n  p e r i o d s  a t  4 0 ° C  o n  t h e
a n t i g e n s  o f  a g a r  g r o w n  S .  l a c r v m a n s  F P R L  1 2 C .






T r a c k s  1 ,  2  a n d  1 5  r e p r e s e n t  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k s  3 - 8  r e p r e s e n t  a g e d  m y c e l i u m .
T r a c k s  9 - 1 4  r e p r e s e n t  y o u n g  m y c e l i u m .
I n c u b a t i o n  p e r i o d s  a r e  a s  f o l l o w s :
0 h o u r s -  t r a c k s 3 , 8 , 9  a n d  1 4
1 h o u r -  t r a c k s 7 a n d 1 3  .
4 h o u r s -  t r a c k s 6 a n d i—
1
to
6 h o u r s -  t r a c k s 5 a n d 1 1 .
2 4 h o u r s -  t r a c k s 4 a n d 1 0 .
A n t i g e n s  a r e  r e p r e s e n t e d  t h u s  1 , 2_ e t c .
P a g e  -  1 6 3
( t r a c k s  5 - 8 )  b u t  a f t e r  2 4  h o u r s  a t  4 0 ° C  ( t r a c k  4) 
a n t i g e n s  6 a n d  1 0  a r e  a b s e n t ;  a n d  t h e  m a j o r  a n t i g e n i c  
r e p r e s e n t a t i v e s  a r e  a n t i g e n s  1, 2, 7, 1 1  a n d  1 5 .
6 . 6  T h e  e f f e c t  o f  T r i c h o d e r m a .
S. l a c r y m a n s  F P R L  1 2 C  w h i c h  h a d  b e e n  e x p o s e d  t o  t h r e e  
s p e c i e s  o f  T r i c h o d e r m a  w a s  a n a l y s e d  b y  S D S - P A G E / s i l v e r  
s t a i n i n g  a n d  w e s t e r n  b l o t t i n g  i n  o r d e r  t o  i n v e s t i g a t e  
t h e  e f f e c t  o f  o t h e r  f u n g i  u p o n  t h e  m o l e c u l a r  p r o f i l e  o f  
S . l a c r y m a n s . T h e s e  o r g a n i s m s  h a d  p r e v i o u s l y  b e e n  
i n v e s t i g a t e d  f o r  t h e i r  e f f e c t s  u p o n  t h e  m o r p h o l o g y  a n d  
v i a b i l i t y  o f  S. l a c r y m a n s  (A. S c o r e ,  p e r s o n a l  
c o m m u n i c a t i o n ) . T h e  p r o t e i n  s i m i l a r i t y  i n d i c e s  a r e  s h o w n  
i n  T a b l e  1 5  w h i c h  i n d i c a t e s  t h a t  o n l y  T. h a r z i a n u m  
a f f e c t e d  t h e  p r o t e i n  p r o f i l e  o f  S. l a c r y m a n s . F i g u r e  33 
a d d i t i o n a l l y  i l l u s t r a t e s  t h a t  t h e  e f f e c t  w a s  m a n i f e s t  
o n l y  i n  y o u n g  m y c e l i u m  a n d  o n l y  a f t e r  c o n t a c t  o f  t h e  t w o  
o r g a n i s m s .  F i g u r e  3 3  ( t r a c k s  7 a n d  8) a l s o  s h o w s  t h e  
a p p e a r a n c e  o f  a  n e w  p r o t e i n ,  2 3  k D a ,  2 4  h o u r s  a f t e r  
c o n t a c t  o f  T. h a r z i a n u m  a n d  S . l a c r y m a n s . W e s t e r n  b l o t  
r e s u l t s  i n d i c a t e d  t h a t  t h e  a n t i g e n s  o f  a g e d  m y c e l i u m  o f  
S . l a c r y m a n s  w e r e  n o t  a f f e c t e d  b y  e x p o s u r e  t o  e i t h e r  T. 
l o n g i b r a c h i a t u m  ( F i g u r e  3 4 ,  t r a c k s  3 - 8) o r  T. 
s a t u r n i s p o r u m  o v e r  t h e  i n c u b a t i o n  p e r i o d s  t e s t e d .  
H o w e v e r ,  T. h a r z i a n u m  ( F i g u r e  3 5 )  c a u s e d  l o s s  o f  a n t i g e n  
15, a n d  p o s s i b l y  13 a n d  1 4 ,  4 d a y s  a f t e r  c o n t a c t  o f  t h e  
o r g a n i s m s  ( t r a c k  3 ) .  Y o u n g  m y c e l i a l  a n t i g e n s  w e r e  
a f f e c t e d  a f t e r  c o n t a c t  w i t h  a l l  t h r e e  T r i c h o d e r m a  
s p e c i e s .  T. l o n g i b r a c h i a t u m  a n d  T. s a t u r n i s p o r u m  
a f f e c t e d  S. l a c r y m a n s  i n  t h e  s a m e  w a y ,  v i z  p r o g r e s s i v e  
l o s s  o f  a n t i g e n s  6, 9 a n d  1 0  ( F i g u r e  3 4 ,  t r a c k s  1 1  - 13)
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Table 15: p rotein  s im ila r ity  index of agar grown mycelium
o f  S. l a c r v m a n s  F P R L  1 2 C  a f t e r  e x p o s u r e  t o  3 
s p e c i e s  o f  T r i c h o d e r m a .
P e r i o d  o f  E x p o s u r e  o r g a n i s m s
e x p o s u r e  S . l a c r y m a n s  T. h a r z i a n u m  T. s ' s p o r u m  T .  l o n g ' u r n  
(d a y s )
Y o u n g A g e d Y o u n g A g e d Y o u n g A g e d Y o u n g A g e d
0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
1 1 0 0 1 0 0 1 0 0 9 9 1 0 0 1 0 0 1 0 0 1 0 0
2 1 0 0 1 0 0 1 0 0 9 8 1 0 0 1 0 0 1 0 0 1 0 0
3 1 0 0 1 0 0 * 9 9 99 1 0 0 99 99
4 1 0 0 1 0 0 * 9 7 1 0 0 9 8 9 7 99
7 1 0 0 1 0 0 * 1 0 0 9 8 9 8 1 0 0 98
* i n d i c a t e s
T. s ' s p o r u m
T. l o n g 7urn
t o o  f e w  p r o t e i n s  f o r  a n a l y s i s .
i n d i c a t e s  T. s a t u r n i s p o r u m
i n d i c a t e s  T. l o n c r i b r a c h i a t u m
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F i g u r e  3 3 : T h e  e f f e c t  o f  T .  h a r z i a n u m  o n  t h e  S D S - P A G E / s i l v e r
s t a i n e d  p r o f i l e  o f  S .  l a c r y m a n s  F P R L  1 2 C .
I . . .  5 • 10 15
T r a c k s  1  a n d  1 8  r e p r e s e n t  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k s  2 - 9  r e p r e s e n t  y o u n g  m y c e l i u m  o f  a g a r  g r o w n  S . 
l a c r y m a n s  F P R L  1 2 C .
T r a c k s  1 0  -  1 7  r e p r e s e n t  a g e d  m y c e l i u m  o f  a g a r  g r o w n  S . 
l a c r y m a n s  F P R L  1 2 C .
I n c u b a t i o n  p e r i o d s  a f t e r  e x p o s u r e  t o  T . h a r z i a n u m  a r e  a s  
f o l l o w s :
0  d a y s  -  t r a c k s  3  a n d  1 1 ;
1  d a y  -  t r a c k s  4  a n d  1 2 ;
2  d a y s  -  t r a c k s  5  a n d  1 3  ;
3  d a y s  -  t r a c k s  6  a n d  1 4 ;
4  d a y s  -  t r a c k s  7  a n d  1 5 ;
7  d a y s  -  t r a c k s  8  a n d  1 6 .
o  i n d i c a t e s  n o v e l  p r o t e i n .
P a g e 1 6 6
F i g u r e  3 4 : T h e  e f f e c t  o f  T .  l o n a i b r a c h i a t u m  o n  t h e  a n t i g e n i c  
p r o f i l e  o f  S .  l a c r y m a n s  F P R L  1 2 C .
. • • 5 • * • * 10 ‘ * * 15
Hdl
T r a c k s  1  a n d  1 8  r e p r e s e n t  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k s  2 - 9  r e p r e s e n t  a g e d  m y c e l i u m  o f  S . l a c r y m a n s  F P R L  
12C.
T r a c k s  1 0  -  1 7  r e p r e s e n t  y o u n g  m y c e l i u m  o f  S .  l a c r y m a n s  F P R L  
12C.
I n c u b a t i o n  p e r i o d s  w i t h  T .  l o n g i b r a c h i a t u m  a r e  a s  f o l l o w s :
0  d a y s  -  t r a c k s  2 ,  9 ,  1 0  a n d  1 7 ;
1  d a y  -  t r a c k s  7  a n d  1 5 ;
2  d a y s  -  t r a c k s  6  a n d  1 4 ;
3  d a y s  -  t r a c k s  5  a n d  1 3 ;
4  d a y s  -  t r a c k s  4  a n d  1 2 ;
7  d a y s  -  t r a c k s  3  a n d  1 1 .
o  i n d i c a t e s  a n t i g e n s  l o s t  a f t e r  f u n g a l  c o n t a c t .
P a g e  -  1 6 7
F i g u r e  3 5 : T h e  e f f e c t  o f  T .  h a r z i a n u m  o n  t h e  a n t i g e n i c
p r o f i l e  o f  S .  l a c r y m a n s  F P R L  1 2 C .
T r a c k s  1  a n d  1 8  r e p r e s e n t  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k s  2 - 9  r e p r e s e n t  a g e d  m y c e l i u m  o f  S . l a c r y m a n s  F P R L  
12C.
T r a c k s  1 0  -  1 7  r e p r e s e n t  y o u n g  m y c e l i u m  o f  S .  l a c r y m a n s  F P R L  
12C.
I n c u b a t i o n  p e r i o d s  w i t h  T .  h a r z i a n u m  a r e  a s  f o l l o w s :
0  d a y s  -  t r a c k s  2 ,  8 ,  1 0  a n d  1 6 ;
1  d a y  -  t r a c k s  7  a n d  1 5 ;
2  d a y s  -  t r a c k s  6  a n d  1 4 ;
3  d a y s  -  t r a c k s  5  a n d  1 3 ;
4  d a y s  -  t r a c k s  4  a n d  1 2 ;
7  d a y s  -  t r a c k s  3  a n d  1 1 .
o  i n d i c a t e s  a n t i g e n s  l o s t  a f t e r  f u n g a l  c o n t a c t .
P a g e  -  1 6 8
u n t i l  t h e  a n t i g e n i c  p r o f i l e  w a s  m o r e  s i m i l a r  t o  a g e d  
m y c e l i u m  t h a n  y o u n g  m y c e l i u m ,  e . g .  c o m p a r e  t r a c k  1 1  w i t h  
t r a c k  3. H o w e v e r ,  T. h a r z i a n u m  c a u s e d  l o s s  o f  a n t i g e n s  
f r o m  t h e  a n t i g e n i c  p r o f i l e  o f  S . l a c r v m a n s  F P R L  1 2 C  
( F i g u r e  3 5 ,  t r a c k s  12 a n d  13) r e s u l t i n g  i n  a b s e n c e  o f  
r e a c t i v i t y  4 d a y s  a f t e r  c o n t a c t  o f  t h e  o r g a n i s m s  ( t r a c k  
11) .
6 . 7  D i s c u s s i o n .
6 . 7 . 1  B a s i c  p a r a m e t e r s  o f  g r o w t h .
I n  t h e  s t u d i e s  r e p o r t e d  i n  c h a p t e r s  3 - 5  S . l a c r v m a n s  
w a s  g r o w n  u p  i n  l i q u i d  c u l t u r e  b e c a u s e  s t a n d a r d i s a t i o n  
o f  c u l t u r e  m e t h o d s  w a s  c o n s i s t e n t  w i t h  m o l e c u l a r  m e t h o d s  
a n d  g a v e  r e p r o d u c i b l e  r e s u l t s .  W o r k  i n  t h i s  c h a p t e r  
i n d i c a t e d  t h a t  s i m i l a r  a n d  c o n s i s t e n t  e l e c t r o p h o r e t i c  
a n d  a n t i g e n i c  p a t t e r n s  w e r e  o b t a i n e d  f o r  s t a n d a r d  a n d  
a g a r  g r o w n  m y c e l i u m  o f  S. l a c r y m a n s  F P R L  1 2 C  d u r i n g  
n u m e r o u s  s u b c u l t u r e s  o v e r  t h e  c o u r s e  o f  6 m o n t h s .  T h e  
m i n o r  d i f f e r e n c e s  f o u n d  b e t w e e n  p r o t e i n  b a n d i n g  p a t t e r n s  
o f  s t a n d a r d  m y c e l i u m  a n d  a g a r  g r o w n  m a t e r i a l  m a y  b e  
a s s o c i a t e d  w i t h  e n z y m e s  l o o s e l y  a t t a c h e d  t o  t h e  e x t e r i o r  
o f  t h e  u n w a s h e d  m y c e l i u m  a n d  c o n c e r n e d  w i t h  s u b s t r a t e  
u t i l i s a t i o n .  T h e  s i m i l a r i t y  i n  a n t i g e n i c  p r o f i l e  b e t w e e n  
s t a n d a r d  a n d  a g a r  g r o w n  m y c e l i u m  p r o b a b l y  r e f l e c t s  t h e  
n a t u r e  o f  t h e  i m m u n o g e n  w h i c h  w a s  p r e p a r e d  f r o m  
s t a n d a r d ,  i . e .  w a s h e d ,  m y c e l i u m .  M o l e c u l e s  a s s o c i a t e d  
w i t h  e x t e r n a l  f u n c t i o n s  o f  t h e  m y c e l i u m  w o u l d  n o t  b e  
i d e n t i f i e d  b y  t h e  p r e s e n t  a n t i s e r u m  w h i c h  w o u l d  d e t e c t  
o n l y  i m m u n o g e n i c  m o l e c u l e s  a s s o c i a t e d  w i t h  e i t h e r  t h e  
w a l l s  o r  c o n t e n t s  o f  h y p h a e .  T h e  p r e s e n t  a n t i s e r u m  
i n d i c a t e s  t h a t  v a r i a t i o n  o f  b a s i c  c u l t u r a l  p a r a m e t e r s
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d o e s  n o t  c a u s e  g r o s s  c h a n g e s  a s s o c i a t e d  w i t h  t h e  b a s i c  
s t r u c t u r a l  a n d  ' h o u s e k e e p i n g '  m o l e c u l e s  b u t  i t  i s  n o  
p o i n t e r  t o  c h a n g e s  d i r e c t l y  a s s o c i a t e d  w i t h  e x p l o i t a t i o n  
o f  t h e  e n v i r o n m e n t .
6 . 7 . 2  V a r i a t i o n  i n  T N .
T h e  a b s e n c e  o f  a n t i g e n s  i n  m e d i a  c o n t a i n i n g  d i f f e r i n g  
a m o u n t s  o f  T N  p r o b a b l y  r e f l e c t e d  t h e  n a t u r e  o f  t h e  
i m m u n o g e n .  T h e  l a c k  o f  p r o t e i n s  i n  t h e  m e d i a  m i g h t  
i n d i c a t e  e i t h e r  a b s e n c e  o f  p r o t e i n s  o r ,  m o r e  p r o b a b l y ,  
l a c k  o f  d e t e c t i o n  d u e  t o  a n  i n s u f f i c i e n t l y  s e n s i t i v e  
t e c h n i q u e  s i n c e  i t  i s  k n o w n  t h a t  f i l a m e n t o u s  f u n g i  
s e c r e t e  l a r g e  a m o u n t s  o f  p r o t e i n  i n t o  t h e  m e d i u m ,  e . g .  
W o s t e n  e t  a l . ( 1 9 9 1 )  a n d  S p r e y  ( 1 9 8 8 )  .
T h e  d i r e c t  r e l a t i o n s h i p  b e t w e e n  t h e  l u s h n e s s  o f  g r o w t h  
o f  S. l a c r y m a n s  a n d  t h e  n u m b e r s  o f  p r o t e i n s  d e t e c t e d  i n  
m y c e l i u m  i s  p r o b a b l y  a l s o  r e l a t e d  t o  t h e  T N  c o n t e n t  o f  
t h e  m e d i u m  s i n c e  v i g o u r  o f  g r o w t h  o f  a l l  o r g a n i s m s  i s  
r e l a t e d  t o  n u t r i e n t s  p r e s e n t  i n  t h e  g r o w t h  m e d i u m .
C a r t e r  &  L y n c h  ( 1 9 9 1 )  f o u n d  t h a t  t h e  S D S - P A G E / s i l v e r  
s t a i n e d  p r o f i l e  o f  T. h a r z i a n u m  v a r i e d  a c c o r d i n g  t o  
w h e t h e r  t h e  c a r b o n  s o u r c e  i n  t h e  m e d i u m  w a s  p r o v i d e d  b y  
g l u c o s e  o r  s t r a w ;  a n d  M c D o n a l d ,  L i w i c k i  &  B r o d a  ( 1 9 8 4 )  
f o u n d  c h a n g e s  i n  t h e  e l e c t r o p h o r e t i c  p a t t e r n  o f  
i n t r a c e l l u l a r  p r o t e i n s  o f  P h a n e r o c h a e t e  c h r y s o s p o r i u m , a  
w h i t e  r o t  B a s i d i o m y c e t e ,  w i t h  t h e  a p p e a r a n c e  o f  2 0  n o v e l  
p r o t e i n s  a n d  t h e  d i s a p p e a r a n c e  o f  o t h e r  p r o t e i n s  w h e n  i n  
c o n d i t i o n s  o f  n i t r o g e n  s t a r v a t i o n .  M E B  c o n t a i n s  
v i t a m i n s ,  a m i n o  a c i d s  a n d  o t h e r  g r o w t h  f a c t o r s  ( O x o i d ,  
p e r s o n a l  c o m m u n i c a t i o n )  w h i c h  a r e  p r o b a b l y  r e s p o n s i b l e  
f o r  t h e  d i f f e r e n c e s  i n  m o r p h o l o g y  a n d  p r o t e i n  p e r c e n t a g e  
s i m i l a r i t y  o f  m y c e l i u m  c u l t u r e d  i n  t h e  t w o  d i f f e r e n t
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m e d i a  c o n t a i n i n g  2 . 3 6 %  T N .  N o r m a l  l a b  m e d i u m  h a s  a  C : N  
r a t i o  o f  3 2 : 1  ( L e v i  &  C o w l i n g ,  1 9 6 9 )  a n d  d i f f e r e n c e s  
o b s e r v e d  b e t w e e n  t h e  p r o t e i n  p r o f i l e s  o f  S. l a c r y m a n s  i n  
t h e  o t h e r  m e d i a  c o u l d  b e  r e l a t e d  s o l e l y  t o  f a l l i n g  
n i t r o g e n  l e v e l s  a n d  c o n c o m i t a n t  a l t e r a t i o n  i n  t h e  C : N  
r a t i o s .
W o o d  c o n t a i n s  0 . 0 3  - 0 . 1 2 7 %  n i t r o g e n  ( D e a c o n ,  1 9 8 4 )  a n d ,  
s i n c e  s o m e  o f  t h e  p r o t e i n s  o b s e r v e d  i n  m y c e l i u m  c u l t u r e d  
i n  m e d i a  c o n t a i n i n g  > 0 . 1 2 7 %  T N  m a y  b e  a s s o c i a t e d  w i t h  
e x c e s s  a m o u n t s  o f  n i t r o g e n ,  t h e  m o r p h o l o g y  a n d  m o l e c u l a r  
n a t u r e  o f  m y c e l i u m  c u l t u r e d  i n  m e d i a  c o n t a i n i n g  e i t h e r  
0 . 0 3 %  T N  o r  0 . 1 2 7 %  T N  m a y  b e  m o r e  r e p r e s e n t a t i v e  o f  t h e  
o r g a n i s m  i n  i t s  n a t u r a l  e n v i r o n m e n t .  S t a n d a r d  m y c e l i u m ,  
t h e r e f o r e ,  m a y  n o t  b e  t h e  m o s t  a p p r o p r i a t e  r e f e r e n c e  
m a t e r i a l  f o r  i n v e s t i g a t i o n  o f  S D S - P A G E / s i l v e r  s t a i n e d  
p r o f i l e s  o f  t h e  o r g a n i s m  i n  t h e  w i l d  a n d  i t  m a y  b e  t h a t  
a n t i g e n i c  p r o f i l e s  h a v e  g r e a t e r  p o t e n t i a l  f o r  t h i s  
p u r p o s e  s i n c e  t h e y  w e r e  f o u n d  t o  b e  s i m i l a r  r e g a r d l e s s  
o f  T N  a v a i l a b i l i t y .  A n t i g e n  1 9 ,  p r e s e n t  o n l y  i n  m y c e l i u m  
f r o m  m e d i a  c o n t a i n i n g  M E B ,  m a y  b e  a s s o c i a t e d  w i t h  
n u t r i e n t s  o t h e r  t h a n  t h e  n i t r o g e n  c o n t e n t  o f  t h e  m e d i u m .  
L a c k  o f  d e t e c t a b l e  p r o t e i n s  i n  t h e  s p a r s e  g r o w t h  f r o m  
i n o c u l a  i n  m e d i a  c o n t a i n i n g  0 %  T N  c o u l d  b e  a t t r i b u t a b l e  
t o  g r o w t h  f u r n i s h e d  b y  a u t o l y s i s  o f  l i m i t e d  c y t o p l a s m i c  
s o u r c e s  o f  n i t r o g e n .
S D S - P A G E / s i l v e r  s t a i n i n g  a l s o  i n d i c a t e d  t h a t  a l l  
m y c e l i u m  o f  S . l a c r y m a n s  s h a r e d  a  b a s i c  p r o t e i n  b a n d i n g  
p a t t e r n  p r o v i d e d  t h a t  n i t r o g e n  w a s  p r e s e n t  i n  t h e  
m e d i u m .  T h i s  i s  p e r h a p s  i n d i c a t i v e  o f  t h e  a b i l i t y  o f  S . 
l a c r y m a n s  t o  e x t r a c t  a n d  c o n s e r v e  n i t r o g e n  w h e n  g r o w i n g  
i n  m e d i a  w i t h  l o w  n i t r o g e n  l e v e l s  ( W a t k i n s o n ,  D a v i s o n  &
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B r a m a h ,  1 9 8 1 ) .  I t  w a s  s h o w n  t h a t  t h e  a m o u n t  o f  n i t r o g e n  
i n  m y c e l i u m  o f  S. l a c r v m a n s  w a s  4 3  - 53 t i m e s  h i g h e r  
t h a n  i n  t h e  w o o d  f r o m  w h i c h  i t  h a d  g r o w n .  M o s t  w o o d  
s p e c i e s  h a v e  a  C : N  r a t i o  o f  3 5 0  - 5 0 0 : 1  ( C o w l i n g  & 
M e r r i l l ,  1 9 6 6 )  a n d  c o n s e q u e n t l y  t h e r e  i s  a  c r i t i c a l  
s h o r t a g e  o f  n i t r o g e n  i n  w o o d .  E x t r a c t i o n  a n d  
c o n s e r v a t i o n  o f  n i t r o g e n  i s  a n  a d a p t a t i o n  t o  g r o w t h  i n  
w o o d  w h i c h  i s  n o t  c o n f i n e d  t o  S . l a c r v m a n s , e . g .  
S t a s z c z a k  &  N o w a k  ( 1 9 8 4 )  f o u n d  l i t t l e  c h a n g e  i n  t h e  
p r o t e i n a s e  p a t t e r n  o f  C. v e r s i c o l o r  i n  r e s p o n s e  t o  
n i t r o g e n  s t a r v a t i o n .  I t  i s  k n o w n  t h a t  n i t r o g e n  i s  
r e c y c l e d  b y  S . l a c r y m a n s  i n  o l d e r  r e g i o n s  o f  m y c e l i u m  
( W a t k i n s o n ,  1 9 7 5 )  a n d  t h i s  o r g a n i s m ,  l i k e  C. v e r s i c o l o r  
i n  c o n d i t i o n s  o f  l o w  n i t r o g e n  ( L e v i  &  C o w l i n g ,  1 9 6 9 ) ,  
m a y  p r e f e r e n t i a l l y  a l l o c a t e  n i t r o g e n  t o  e s s e n t i a l  
m e t a b o l i c  p r o c e s s e s ,  e . g .  t h e  p r o d u c t i o n  o f  n u c l e i c  
a c i d s  a n d  e x t r a c e l l u l a r  e n z y m e s .
6 . 7 . 3  Y o u n g  a n d  a g e d  m y c e l i u m .
A n t i g e n i c  p r o f i l e s  r e v e a l e d  d i f f e r e n c e s  b e t w e e n  y o u n g  
a n d  a g e d  m y c e l i u m  w h i c h  i n d i c a t e d  t h a t  t h e s e  m a y  
r e p r e s e n t  t w o  d i f f e r e n t  m o r p h o l o g i c a l  t y p e s  o f  m y c e l i u m .  
T h i s  i s  s u p p o r t e d  b y  t h e  o b s e r v a t i o n s  o f  H o r n u n g  & 
J e n n i n g s  ( 1 9 8 1 )  w h o  l i s t e d  4 s t a g e s  i n  t h e  d e v e l o p m e n t  
o f  s u r f a c e  m y c e l i u m  f r o m  a n  i n o c u l u m  o f  S . l a c r y m a n s . 
Y o u n g  m y c e l i u m  m a y  c o r r e s p o n d  t o  s t a g e  I I  w h i c h  i s  
c h a r a c t e r i s e d  b y  ' f u r - l i k e  w h i t e  m y c e l i a  a p p e a r i n g  o n  
t h e  s u b s t r a t e  s u r f a c e ' , w h i l s t  a g e d  m y c e l i u m  p r o b a b l y  
c o r r e s p o n d s  t o  t h e  ' m a c r o s c o p i c a l l y  v i s i b l e  s y r r o t i a '  
w h i c h  a r e  c h a r a c t e r i s t i c  o f  s t a g e  I I I .
M o r p h o l o g i c a l  t y p e s  v a r y  i n  s t r u c t u r e  a n d  f u n c t i o n .
Y o u n g  m y c e l i u m  r e p r e s e n t s  t h e  r e g i o n  o f  t h e  h y p h a  w h i c h
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i s  c h i e f l y  c o n c e r n e d  w i t h  e x t e n s i o n  a n d  e x p l o i t a t i o n  o f  
t h e  e n v i r o n m e n t ,  c o n s e q u e n t l y  i t  h a s  t h i n n e r  w a l l s  w i t h  
f e w e r  l a y e r s  t h a n  a g e d  m y c e l i u m  ( H u n s l e y  & B u r n e t t ,
1 9 7 0 )  a n d  a  c y t o p l a s m  e x t e n s i v e l y  c o n c e r n e d  w i t h  
p e r i p h e r a l  e n z y m e  p r o d u c t i o n  ( P u g h  & C a w s o n ,  1 9 7 7 ) .  A g e d  
m y c e l i u m  i s  m o r e  h i g h l y  v a c u o l a t e d ,  w i t h  c y t o p l a s m i c  
a c t i v i t i e s  c o n c e r n e d  w i t h  r e c y c l i n g  o f  n u t r i e n t s  b y  
a u t o l y s i s  ( W a t k i n s o n ,  1 9 7 5 ) .  I t  i s  p r o b a b l e ,  t h e r e f o r e ,  
t h a t  t h e  a n t i g e n i c  d i f f e r e n c e s  o f  y o u n g  a n d  a g e d  
m y c e l i u m  a r e  r e l a t e d  t o  d i f f e r e n c e s  i n  s t r u c t u r a l  o r  
c y t o l o g i c a l  f u n c t i o n s  o f  t h e s e  t w o  r e g i o n s  o f  m y c e l i u m .  
I n  s u p p o r t  o f  t h i s ,  M a r c h a n t  & S m i t h  ( 1 9 6 8 )  u s e d  
a n t i s e r a  r a i s e d  a g a i n s t  t i p s  o r  m a t u r e  h y p h a e  o f  
F u s a r i u m  c u l m o r u m  t o  d e m o n s t r a t e  i m m u n o f l u o r e s c e n t  
d i f f e r e n c e s  b e t w e e n  t i p s  a n d  m a t u r e  h y p h a e  w h i c h  w e r e  
a t t r i b u t e d  t o  w a l l  s t r u c t u r e  o r  c y t o p l a s m i c  a c t i v i t i e s .  
D i f f e r e n t  a n t i g e n i c  s p e c i e s  a n d  p r o f i l e s  m a y  b e  
a s s o c i a t e d  w i t h  t h e  o t h e r  g r o w t h  p h a s e s  o f  S. l a c r y m a n s  
a n d  t h e s e  c o u l d  p r o v i d e  i n f o r m a t i o n  o n  t h e  m o l e c u l a r  
p r o c e s s e s  a s s o c i a t e d  w i t h  h y p h a l  d i f f e r e n t i a t i o n .
T h e  s i m i l a r i t y  d e m o n s t r a t e d  b e t w e e n  l i q u i d  a n d  a g a r  
g r o w n  p r o f i l e s  a l l o w e d  t h e  d i r e c t  c o m p a r i s o n  o f  y o u n g  
a n d  a g e d  m y c e l i u m  w i t h  s t a n d a r d  m y c e l i u m  a n d  i n d i c a t e d  
t h a t  y o u n g  a n d  a g e d  m y c e l i u m  h a d  m o r e  a n t i g e n s  i n  c o m m o n  
w i t h  s t a n d a r d  F P R L  1 2 C  t h a n  w i t h  e a c h  o t h e r .  T h i s  
c o m p a r i s o n  i l l u s t r a t e d  t h a t  t h e  r e p r e s e n t a t i v e  a n t i g e n i c  
p r o f i l e  o f  S. l a c r y m a n s  F P R L  1 2 C  s t a n d a r d  m y c e l i u m  i s  
c o m p o s e d  o f  a n t i g e n s  a s s o c i a t e d  w i t h  e i t h e r  y o u n g  o r  
a g e d  m y c e l i u m .  F o r  e x a m p l e ,  t w o  d i f f u s e  a n t i g e n s ,  7 a n d  
1 1 ,  a t  5 1  - 5 4 . 5  a n d  4 1 . 5  - 4 2 . 5  k D a  r e s p e c t i v e l y ,  a r e  
t h e  m a j o r  a n t i g e n s  i n  a g e d  m y c e l i u m  o f  S. l a c r y m a n s  F P R L  
1 2 C ;  a n d  t h e  w e l l  d e f i n e d  a n t i g e n s  6, 9 a n d  1 0  (at 57,
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4 4  a n d  4 3  k D a  r e s p e c t i v e l y )  a r e  a s s o c i a t e d  w i t h  y o u n g  
m y c e l i u m .  T h i s  a n t i g e n i c  m a k e u p  o f  s t a n d a r d  m y c e l i u m  i s  
a  l o g i c a l  o u t c o m e  i n  v i e w  o f  i t s  m o r p h o l o g i c a l  
c o m p o s i t i o n .  T h e  v a r i a t i o n  o b s e r v e d  i n  t h e  f r e q u e n c y  
w i t h  w h i c h  a n t i g e n s  w e r e  f o u n d  t o  o c c u r  i n  t h e  a n t i g e n i c  
p r o f i l e  o f  s t a n d a r d  m y c e l i u m  o f  S . l a c r v m a n s  F P R L  1 2 C  i s  
r e l a t e d  t o  t h e  m o r p h o l o g i c a l  c o m p o s i t i o n  o f  t h e  s t a n d a r d  
m y c e l i u m  s e l e c t e d  f o r  e x t r a c t i o n .
6 . 7 . 4  E x p o s u r e  t o  4 0 ° C .
T h e  t e m p e r a t u r e  o p t i m a  o f  S . l a c r v m a n s  a n d  S . 
h i m a n t i o i d e s , 2 2 ° C  a n d  3 4 ° C  r e s p e c t i v e l y ,  i n d i c a t e d  t h a t  
S . l a c r v m a n s  w o u l d  b e  m o r e  s e n s i t i v e  t o  t h e  e f f e c t  o f  
h e a t  t h a n  S. h i m a n t i o i d e s . T h i s  w a s  c o n f i r m e d  b y  
v i a b i l i t y  s t u d i e s ,  a l t e r a t i o n  o f  p r o f i l e  a n d  l o s s  o f  
m o l e c l a r  s p e c i e s  i n  y o u n g  a n d  a g e d  m y c e l i u m .  T h e  g r e a t e r  
l o s s  o f  p r o t e i n s  i n  a g e d  m y c e l i u m  i n d i c a t e d  t h a t  t h e  
p r o t e i n s  i n  y o u n g  m y c e l i u m  a r e  p e r h a p s  m o r e  r e s i s t a n t  t o  
h e a t .  S i n c e  t h e  y o u n g  m y c e l i u m  i n i t i a l l y  r e s p o n d s  t o  t h e  
e n v i r o n m e n t  i t  m i g h t  b e  t h a t  p r o t e i n s  i n  y o u n g  m y c e l i u m  
a r e  n e c e s s a r i l y  m o r e  r o b u s t  t h a n  t h o s e  i n  a g e d  m y c e l i u m .  
A l t e r n a t i v e l y ,  s i n c e  t h e  p r o c e s s  o f  a u t o l y s i s  i s  o n g o i n g  
i n  a g e d  m y c e l i u m  i t  i s  p o s s i b l e  t h a t  a d d i t i o n a l  
d e g r a d a t i v e  c h a n g e s  c a u s e d  b y  e x p o s u r e  t o  l e t h a l  
t e m p e r a t u r e s  w o u l d  b e  n o t i c e d  i n  t h i s  r e g i o n  f i r s t .
S i n c e  y o u n g  m y c e l i u m  s h o w e d  a  g r e a t e r  r e s e m b l a n c e  t o  
a g e d  m y c e l i u m  a f t e r  2 4 h o u r s  a t  4 0 ° C ,  a n d  a g e d  m y c e l i u m  
p r o g r e s s i v e l y  l o s t  a n t i g e n s  o v e r  t h e  s a m e  t i m e  p e r i o d ,  
i t  i s  p o s s i b l e  t h a t  a n t i g e n i c  p r o f i l e s  i n d i c a t e d  
s u c c e s s i v e  s t a g e s  i n  s e n e s c e n c e .  T h e  n e w  p r o t e i n  
r e c o r d e d  i n  y o u n g  m y c e l i u m  o f  S ♦ l a c r y m a n s  a f t e r  2 4  
h o u r s  e x p o s u r e  t o  4 0 ° C  m a y  b e  a  u s e f u l  i n d i c a t o r  o f  
s e n e s c e n c e .  I t  c o u l d  b e  t h a t  e i t h e r  a b s e n c e  o f  t h e  w e l l
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d e f i n e d  a n t i g e n s  a s s o c i a t e d  w i t h  y o u n g  m y c e l i u m  o r  t h e  
p r e s e n c e  o f  a  n o v e l  p r o t e i n  a t  3 8  k D a  i n  a  S D S -  
P A G E / s i l v e r  s t a i n e d  p r o f i l e  w o u l d  c o n f i r m  n o n - v i a b i l i t y  
o f  s. l a c r y m a n s  a f t e r  u s e  o f  t h e  c o n t r o l  m e t h o d  w h i c h  
i n v o l v e s  h e a t i n g  a n  i n f e c t e d  b u i l d i n g  ( K o c h ,  1 9 9 1 ) .
6 . 7 . 5  E x p o s u r e  t o  T r i c h o d e r m a .
V i a b i l i t y  a n d  m o r p h o l o g i c a l  s t u d i e s  o n  i n t e r a c t i o n s  
b e t w e e n  S . l a c r y m a n s  a n d  3 s p e c i e s  o f  T r i c h o d e r m a  h a d  
e s t a b l i s h e d  t h a t  e x p o s u r e  t o  T. h a r z i a n u m  k i l l e d  S . 
l a c r y m a n s , w h e r e a s  T. l o n g i b r a c h i a t u m  w a s  k i l l e d  b y  
o v e r g r o w t h  o f  S . l a c r y m a n s  a n d  T. s a t u r n i s p o r u m  c a u s e d  
c e s s a t i o n  o f  g r o w t h  i n  b o t h  o r g a n i s m s  (A. S c o r e ,  
p e r s o n a l  c o m m u n i c a t i o n ) . T h e  p r o t e i n  a n d  a n t i g e n i c  
p r o f i l e s  o f  S . l a c r y m a n s  r e f l e c t e d  t h e s e  b i o l o g i c a l  
i n t e r a c t i o n s :  T. l o n g i b r a c h i a t u m  a n d  T. s a t u r n i s p o r u m  
c a u s e d  t h e  l o s s  o f  d e f i n e d  a n t i g e n s  f r o m  t h e  a n t i g e n i c  
p r o f i l e  o f  y o u n g  m y c e l i u m  w i t h  s u b s e q u e n t  r e s e m b l a n c e  t o  
t h e  a g e d  p r o f i l e ,  a n d  o n l y  T. h a r z i a n u m  c a u s e d  l o s s  o f  
a l l  p r o t e i n s  a n d  a n t i g e n s  a f t e r  c o n t a c t  o f  t h e  
o r g a n i s m s .  T. h a r z i a n u m  e x e r t e d  i t s  p r e l i m i n a r y  e f f e c t  
u p o n  t h e  p o i n t  o f  c o n t a c t  o f  t h e  t w o  o r g a n i s m s ,  v i z  
y o u n g  m y c e l i u m .  T h e  n o v e l  p r o t e i n  a t  2 3  k D a  a n d  t h e  
m a j o r  a n t i g e n s  a s s o c i a t e d  w i t h  a g e d  m y c e l i u m  m a y  b e  
i n d i c a t i v e  o f  s e n e s c e n c e  a n d  c o u l d  b e  e x p l o i t e d  i n  a n  
a s s e s s m e n t  o f  v i a b i l i t y  w h i c h  w o u l d  i n d i c a t e  t h e  s u c c e s s  
o f  p o t e n t i a l  b i o l o g i c a l  c o n t r o l  m e a s u r e s .  I n  t h i s  
c o n t e x t  i t  w o u l d  b e  o f  i n t e r e s t  t o  m o n i t o r  w h e t h e r  
o v e r g r o w t h  o f  T. l o n g i b r a c h i a t u m  b y  S . l a c r y m a n s  w e r e  
u l t i m a t e l y  a c c o m p a n i e d  b y  r e c o v e r y  o f  t h e  w e l l  d e f i n e d  
a n t i g e n s  a s s o c i a t e d  w i t h  y o u n g  m y c e l i u m .
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6 . 7 . 6  S u m m a r y .
W o r k  i n  p r e v i o u s  c h a p t e r s  s t r i v e d  t o  i n v e s t i g a t e  
m a t e r i a l  c u l t u r e d  u n d e r  s t a n d a r d i s e d  c o n d i t i o n s .  T h i s  
w a s  u s e f u l  f o r  t h e  d e l i n e a t i o n  o f  m o l e c u l a r  p r o f i l e s  f o r  
i s o l a t e  i d e n t i f i c a t i o n  b u t  g a v e  n o  i n d i c a t i o n  o f  t h e  
p o t e n t i a l  r a n g e  o f  m o l e c u l a r  r e s p o n s e  t o  e n v i r o n m e n t a l  
f a c t o r s  w h i c h  w o u l d  a p p l y  i n  u n c o n t r o l l e d  f i e l d  
c o n d i t i o n s :  t h e  s i t u a t i o n  w h e r e  o r g a n i s m  i d e n t i f i c a t i o n  
i s  o f  g r e a t e s t  i m p o r t a n c e .
P r o t e i n  s i m i l a r i t y  i n d i c e s  f o r  r e s u l t s  i n  t h i s  c h a p t e r  
i n d i c a t e d  t h a t  a l t e r a t i o n  i n  l a b o r a t o r y  c u l t u r a l  
c o n d i t i o n s  p r o d u c e d  a  l a r g e  d e g r e e  o f  v a r i a t i o n  i n  t h e  
e s t a b l i s h e d  m o l e c u l a r  p r o f i l e  o f  m y c e l i u m ,  e . g .  m y c e l i u m  
h a r v e s t e d  a s  y o u n g  ( 7 2 . 1 ) ,  a g e d  ( 6 4 . 4 )  o r  f r o m  d i f f e r e n t  
c u l t u r e  c o n d i t i o n s  (98 - 1 0 0 ,  b a s i c  c u l t u r a l  p a r a m e t e r s ;
6 8 . 4  - 1 0 0 ,  T N  v a r i a t i o n ) .  H o w e v e r ,  t h i s  v a r i a t i o n  
o c c u r r e d  w i t h i n  d e f i n e d  l i m i t s  w h i c h  c o r r e s p o n d e d  w i t h  
t h e  p r o t e i n  s i m i l a r i t y  i n d e x  e s t a b l i s h e d  f o r  S . 
l a c r y m a n s  i s o l a t e s  ( 6 8 . 4  - 1 0 0 )  r a t h e r  t h a n  t h a t  
e s t a b l i s h e d  f o r  n o n - S. l a c r y m a n s  s p e c i e s  ( 0 . 0  - 4 3 . 5 ) .  
W i t h  t h e  e x c e p t i o n  o f  y o u n g  a n d  a g e d  m y c e l i u m ,  a n t i g e n i c  
p r o f i l e s  s h o w e d  l i t t l e  v a r i a t i o n  f r o m  t h a t  o f  s t a n d a r d  
m y c e l i u m .  H o w e v e r ,  t h e  p r o f i l e s  o f  y o u n g  a n d  a g e d  
m y c e l i u m  c o u l d  b e  r e l a t e d  t o  t h a t  o f  s t a n d a r d  m y c e l i u m .  
T h e r e f o r e  t h e  p r o t e i n  a n d  a n t i g e n i c  s i m i l a r i t y  i n d i c e s  
e m p h a s i s e d  t h a t  t h e r e  a r e  s t i l l  s u f f i c i e n t  s i m i l a r i t i e s  
b e t w e e n  m y c e l i u m  c u l t u r e d  u n d e r  l e s s  c o n t r o l l e d  
l a b o r a t o r y  c o n d i t i o n s  a n d  s t a n d a r d  m y c e l i u m  o f  S . 
l a c r y m a n s  F P R L  1 2 C  t o  f a c i l i t a t e  i d e n t i f i c a t i o n  o f  
m y c e l i u m  c u l t u r e d  u n d e r  l e s s  c o n t r o l l e d  l a b o r a t o r y  
c o n d i t i o n s .
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P r o t e i n  a n d  a n t i g e n i c  s i m i l a r i t i e s  a r e  p r o b a b l y  r e l a t e d  
t o  a  s e t  o f  c r u c i a l  p r o t e i n s  a n d  a n t i g e n s  w h i c h  a r e  
u n a f f e c t e d  b y  e n v i r o n m e n t ,  e . g .  h o u s e k e e p i n g  a n d  
s t r u c t u r a l  p r o t e i n s .  F u r t h e r  i n v e s t i g a t i o n  o f  t h e  
c h a n g e s  w h i c h  e i t h e r  w e r e  i n i t i a t e d  b y  p o t e n t i a l l y  
l e t h a l  c u l t u r e  c o n d i t i o n s ,  e . g .  t h e  n e w  p r o t e i n s  w h i c h  
w e r e  o b s e r v e d  a f t e r  e x p o s u r e  t o  4 0 ° C  a n d  T. h a r z i a n u m , 
o r  w e r e  d e m o n s t r a t e d  t o  b e  a s s o c i a t e d  w i t h  t h e  
m o r p h o l o g i c a l  s t a g e  o f  t h e  o r g a n i s m ,  e . g .  y o u n g  a n d  a g e d  
m y c e l i u m ,  c o u l d  l e a d  t o  i d e n t i f i c a t i o n  o f  m a r k e r s  f o r  
t h e  m e t a b o l i c  s t a t e  o f  S. l a c r y m a n s . T h e s e  m e t a b o l i c  
m a r k e r s  c o u l d  b e  e x p l o i t e d  f o r  a s s e s s m e n t  o f  v i a b i l i t y  
o f  f i e l d  s a m p l e s ,  e s p e c i a l l y  y o u n g  m y c e l i u m ,  b o t h  b e f o r e  
a n d  a f t e r  r e m e d i a l  t r e a t m e n t .
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CHAPTER 7 .  FURTHER ANALYSES OF LABORATORY CULTURES 
OF S .  l a c r y m a n s .
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7 .1  General in tro d u ction .
W o r k  i n  p r e v i o u s  c h a p t e r s  h a s  i n d i c a t e d  s o m e  a r e a s  w h e r e  
f u r t h e r  i n v e s t i g a t i o n  w a s  r e q u i r e d .  F i r s t l y ,  m a r k e d  
d i f f e r e n c e s  i n  t h e  a n t i g e n i c  n a t u r e  o f  t w o  m o r p h o l o g i c a l  
f o r m s  o f  m y c e l i u m  o f  S. l a c r v m a n s , v i z  y o u n g  a n d  a g e d  
m y c e l i u m ,  w e r e  i n d i c a t e d  ( c h a p t e r  6 ) .  H o w e v e r ,  t h e  
r e l a t i o n s h i p  b e t w e e n  t h e  m a j o r  a n t i g e n s  o f  t h e s e  
m o r p h o l o g i c a l  f o r m s  w a s  n o t  c l e a r  a n d  i t  i s  p o s s i b l e  
t h a t  t h e  m a j o r  a n t i g e n s  o f  a g e d  m y c e l i u m  w e r e  d e r i v e d  
f r o m  t h o s e  o f  y o u n g  m y c e l i u m  e i t h e r  b y  s a m p l e  
p r e p a r a t i o n  o r  b y  p r o t e i n  p r o c e s s i n g  d u r i n g  
d i f f e r e n t i a t i o n .  S e c o n d l y ,  t h e  a n o m a l y  o f  t h e  r e l a t i v e l y  
l o w  p r o t e i n  p e r c e n t a g e  s i m i l a r i t y  o f  i s o l a t e  B F - 0 5 0  t o  
s t a n d a r d  m y c e l i u m  o f  S. l a c r v m a n s  F P R L  1 2 C  h a d  
p r e v i o u s l y  r a i s e d  d o u b t s  a b o u t  t h e  i d e n t i f i c a t i o n  o f  
t h i s  o r g a n i s m  a s  S. l a c r y m a n s  ( c h a p t e r  5) a n d  a n  
a l t e r n a t i v e  m o r p h o l o g i c a l  f o r m  o f  m y c e l i u m ,  y o u n g  
m y c e l i u m ,  c o u l d  p o s s i b l y  r e s o l v e  t h e  i d e n t i t y  o f  t h i s  
i s o l a t e .  T h i r d l y ,  d e c a y  o f  w o o d  b y  S. l a c r v m a n s  i n v o l v e s  
a n  e a r l y  s t a g e  o f  c o l o n i s a t i o n ,  a  p e r i o d  o f  a c t i v e  d e c a y  
a n d  a  s t a g e  w h e n  a u t o l y s i s  o f  m y c e l i u m  o c c u r s  a f t e r  
u s e f u l  n u t r i e n t s  h a v e  b e e n  e x h a u s t e d .  T h e s e  s t a g e s  m a y  
c o r r e s p o n d  w i t h  d i s t i n c t  m o r p h o l o g i c a l  f o r m s  o f  S . 
l a c r v m a n s , e . g .  y o u n g  a n d  a g e d  m y c e l i u m  ( c h a p t e r  6), 
w h i c h  p o s s i b l y  c o u l d  b e  d e t e c t e d  b y  p r e s e n t  a n a l y t i c a l  
t e c h n i q u e s .
T h e  m a i n  o b j e c t i v e s  o f  w o r k  i n  t h i s  c h a p t e r  w e r e
1. T o  i n v e s t i g a t e  w h e t h e r  t h e  m a j o r  a n t i g e n s  o f  a g e d  
m y c e l i u m  o f  S . l a c r v m a n s  F P R L  1 2 C  c a n  b e  d e r i v e d  b y  
s a m p l e  p r e p a r a t i o n  f r o m  t h e  m a j o r  a n t i g e n s  o f  y o u n g  
m y c e l i u m .
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2. T o  u s e  C o n  A  t o  f u r t h e r  i n v e s t i g a t e  t h e  m a j o r  
a n t i g e n s  o f  y o u n g  a n d  a g e d  m y c e l i u m .
3. T o  i n v e s t i g a t e  t h e  u s e  o f  a n  a l t e r n a t i v e  r e f e r e n c e  
m y c e l i u m ,  y o u n g  m y c e l i u m ,  i n  t h e  i d e n t i f i c a t i o n  o f  
t h e  a n o m a l o u s  i s o l a t e  o f  S. l a c r y m a n s , B F - 0 5 0 .
4. T o  i n v e s t i g a t e  t h e  S D S - P A G E / s i l v e r  s t a i n  a n d  
w e s t e r n  b l o t  p r o f i l e s  o f  S. l a c r y m a n s  F R P L  1 2 C  
g r o w n  i n  p i n e  a n d  l i m e  s a p w o o d  b l o c k s .
7 . 2  S a m p l e  p r e p a r a t i o n  a n d  t h e  m a j o r  a n t i g e n s  o f  y o u n g  
m y c e l i u m .
S a m p l e s  o f  y o u n g  m y c e l i u m  w e r e  g r o u n d  t o  a  s l u r r y  i n  P B S  
a n d  i n c u b a t e d  a t  R / T  f o r  v a r y i n g  p e r i o d s  p r i o r  t o  
a d d i t i o n  o f  b o i l i n g  m i x  a t  e i t h e r  R / T  o r  4 ° C  i n  o r d e r  t o  
i n v e s t i g a t e  w h e t h e r  t h e  m a j o r  a n t i g e n s  o f  a g e d  m y c e l i u m  
o f  S. l a c r y m a n s  F P R L  1 2 C  w e r e  a n  a r t e f a c t  r e l a t e d  t o  
s a m p l e  p r e p a r a t i o n .  F i g u r e  3 6  s h o w s  t h e  r e s u l t s  o f  
a n a l y s i s  o f  t h i s  m a t e r i a l  b y  w e s t e r n  b l o t t i n g  a n d  
i n d i c a t e s  t h a t  o n l y  i n c u b a t i o n  f o r  2 4  h o u r s  a t  R / T  i n  
P B S  ( t r a c k  5) h a d  a n y  e f f e c t  o n  t h e  a n t i g e n i c  p r o f i l e .  
O n l y  a n t i g e n s  9 a n d  1 0  (43 a n d  4 4  k D a  r e s p e c t i v e l y )  w e r e  
a f f e c t e d  b y  i n c u b a t i o n  a t  R / T ,  w i t h  n o  c o n c o m i t a n t  
d a r k e n i n g  o f  a n t i g e n  1 1  ( c o m p a r e  t r a c k s  5 a n d  6) t o  t h e  
d e n s i t y  o f  s t a i n i n g  i l l u s t r a t e d  i n  a g e d  m y c e l i u m  ( t r a c k  
2) o r  s t a n d a r d  m y c e l i u m  ( t r a c k s  4 ) .
7 . 3  C o n  A  s t a i n i n g  o f  y o u n g  a n d  a g e d  m y c e l i u m .
F u r t h e r  i n v e s t i g a t i o n  o f  t h e  n a t u r e  o f  t h e  m a j o r  
a n t i g e n s  i n  t h e  p r o f i l e s  o f  y o u n g  a n d  a g e d  m y c e l i u m  o f
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F i g u r e  3 6 : T h e  e f f e c t  o f  s a m p l e  p r e p a r a t i o n  o n  t h e  m a j o r  
a n t i g e n s  o f  y o u n g  a n d  a g e d  m y c e l i u m  o f  S .
1 a e r y m a n s  F P R L  1 2 C .
T r a c k s  1  a n d  1 2  r e p r e s e n t  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k  2  r e p r e s e n t s  a g e d  m y c e l i u m  o f  S .  l a c r y m a n s  F P R L  1 2 C .
T r a c k s  3  a n d  4  r e p r e s e n t  s t a n d a r d  m y c e l i u m  o f  S .  l a c r y m a n s  
F P R L  1 2 C .
T r a c k s  5 - 1 0  r e p r e s e n t  y o u n g  m y c e l i u m  o f  S .  l a c r y m a n s  
i n c u b a t e d  a t  R / T  i n  P B S  f o r  t h e  f o l l o w i n g  p e r i o d s  
p r i o r  t o  a d d i t i o n  o f  b o i l i n g  m i x :  2 4  h o u r s  ( t r a c k  5 ) ;  
1  h o u r  ( t r a c k  6 ) ;  3 0  m i n  ( t r a c k  7 ) ;  1 5  m i n  ( t r a c k  8 ) ;  
5  m i n  ( t r a c k  9 )  a n d  0  m i n  ( t r a c k  1 0 ) .
T r a c k  1 1  r e p r e s e n t s  a  s a m p l e  p r e p a r e d  a t  4 ° C  i n  P B S : b o i l i n g  
m i x  ( 2 : 1 ) .
A n t i g e n s  a r e  i n d i c a t e d  t h u s  9_ e t c .
P a g e  -  1 8 1
S ♦ lacrymans FPRL 12C involved  comparison of
i m m u n o s t a i n e d  p r o f i l e s  o f  s t a n d a r d  m y c e l i u m  w i t h  
e l e c t r o b l o t t e d  p r o f i l e s  o f  y o u n g ,  a g e d  a n d  s t a n d a r d  
m y c e l i u m  s u b s e q u e n t l y  s t a i n e d  w i t h  C o n  A  ( F i g u r e  3 7 ) .
T h e  g l y c o p r o t e i n  n a t u r e  o f  o n e  o f  t h e  m a j o r  a n t i g e n s  o f  
y o u n g  m y c e l i u m ,  a n t i g e n  6 (57 k D a )  w a s  c o n f i r m e d ,  e . g .  
c o m p a r e  y o u n g  m y c e l i u m  i n  t r a c k  3 ( I n d i a  i n k  s t a i n )  a n d  
t r a c k  5 ( i m m u n o s t a i n e d )  w i t h  t r a c k s  9 - 1 1  ( C o n  A  
s t a i n e d ) . T h e  m a j o r  a n t i g e n s  a s s o c i a t e d  w i t h  a g e d  
m y c e l i u m ,  d i f f u s e  a n t i g e n s  7 a n d  11, a r e  c o n f i r m e d  a s  
g l y c o p r o t e i n s ,  e . g .  c o m p a r e  t r a c k s  4 ( s t a n d a r d  m y c e l i u m ,  
i m m u n o b l o t t e d )  w i t h  t r a c k  6 ( a g e d  m y c e l i u m ,  C o n  A  
s t a i n e d ) . T h e s e  r e s u l t s  a d d i t i o n a l l y  i n d i c a t e  t h a t  t h e  
t w o  o t h e r  m a j o r  a n t i g e n s  o f  y o u n g  m y c e l i u m ,  4 3  k D a  a n d  
4 4  k D a ,  a r e  n o t  s t a i n e d  b y  C o n  A, e . g .  c o m p a r e  t r a c k  5 
w i t h  t r a c k s  9 - 1 1 .  T h i s  e x p e r i m e n t  c o n f i r m s  t h e  
g l y c o p r o t e i n  n a t u r e  o f  m i n o r  a n t i g e n s  1, 4, 4 . 2 5 ,  5; 
a n d ,  s i n c e  i t  a d d i t i o n a l l y  i n d i c a t e s  t h a t  a n t i g e n s  3,
13, 1 4  a n d  1 5  a r e  g l y c o s y l a t e d  ( t r a c k s  7 a n d  8), it 
d e m o n s t r a t e s  t h a t  m o s t  a n t i g e n s  i n  y o u n g  a n d  a g e d  
m y c e l i u m  a r e  s t a i n e d  b y  C o n  A  a n d  a r e  l i k e l y  t o  b e  
g l y c o p r o t e i n s .
7 . 4  T h e  i d e n t i t y  o f  i s o l a t e  B F - 0 5 0 .
Y o u n g  m y c e l i u m  w a s  u s e d  f o r  p r e p a r a t i o n  o f  t e s t  a n d  
r e f e r e n c e  e x t r a c t s  t o  f u r t h e r  i n v e s t i g a t e  t h e  i d e n t i t y  
o f  i s o l a t e  B F - 0 5 0 .  T h e  r e s u l t  o f  S D S - P A G E / s i l v e r  s t a i n  
a n a l y s i s  o f  y o u n g  m y c e l i u m  o f  S . l a c r y m a n s  i s o l a t e s  i s  
s h o w n  i n  F i g u r e  3 8  w h i c h  i n d i c a t e s  t h a t ,  w i t h  t h e  
e x c e p t i o n  o f  i s o l a t e  B F - 0 1 5 B  ( t r a c k  8), y o u n g  m y c e l i u m  
o f  a l l  i s o l a t e s  h a s  a  s i m i l a r  p r o t e i n  p r o f i l e .  T h e
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F i g u r e  3 7 : T h e  n a t u r e  o f  t h e  m a j o r  a n t i g e n s  o f  y o u n g  a n d
a g e d  m y c e l i u m  o f  S .  l a c r y m a n s  F P R L  1 2 C .
I • • • 5 . . . .  10 • . • 14
T r a c k s  1  a n d  1 4  r e p r e s e n t  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k s  2  a n d  3  r e p r e s e n t  I n d i a  i n k  s t a i n e d  p r o f i l e s  o f
s t a n d a r d  ( t r a c k  2 )  a n d  y o u n g  ( t r a c k  3 )  m y c e l i u m  o f  S . 
l a c r y m a n s  F P R L  1 2 C .
T r a c k s  4 ,  5  a n d  1 3  r e p r e s e n t  i m m u n o s t a i n i n g  o f  s t a n d a r d
( t r a c k  1 4 )  a n d  y o u n g  ( t r a c k s  5  a n d  1 3 )  m y c e l i u m  o f  S . 
l a c r y m a n s  F P R L  1 2 C .
T r a c k s  6 - 1 1  r e p r e s e n t  C o n  A  s t a i n i n g  o f  a g e d  ( t r a c k  6 ) ,  
s t a n d a r d  ( t r a c k s  7  a n d  8 )  a n d  y o u n g  ( t r a c k s  9  -  1 1 )  
m y c e l i u m  o f  S . l a c r y m a n s .
.  r e p r e s e n t s  g l y c o s y l a t e d  m a j o r  p r o t e i n s  o f  y o u n g  o r  
a g e d  m y c e l i u m .
o  r e p r e s e n t s  m a j o r  a n t i g e n s  o f  y o u n g  m y c e l i u m  n o t  
s t a i n e d  b y  C o n  A .
P a g e  -  1 8 3
F i g u r e  3 8 : S D S - P A G E / s i l v e r  s t a i n  a n a l y s i s  o f  y o u n g  m y c e l i u m
o f  S .  l a c r y m a n s  i s o l a t e s .
T r a c k s  1  a n d  1 8  r e p r e s e n t  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k s  2  a n d  1 7  r e p r e s e n t  s t a n d a r d  m y c e l i u m  o f  S .  l a c r y m a n s  
F P R L  1 2 C .
T r a c k s  3 - 1 6  r e p r e s e n t  y o u n g  m y c e l i u m  o f  F P R L  1 2 C  ( 3 ) ;  C M I  
1 5 2 2 3 3  ( 4 ) ;  B F - 0 1  ( 5 ) ;  B F - 0 3 A  ( 6 ) ;  B F - 0 7 B  ( 7 ) ;  B F - 0 1 5 B
( 8 ) ;  B F - 0 1 7 B  ( 9 ) ;  B F - 0 1 8 A  ( 1 0 ) ;  B F - 0 2 3  ( 1 1 ) ;  B F - 0 2 5
( 1 2 ) ;  B F - 0 4 4  ( 1 3 ) ;  B F - 0 4 6  ( 1 4 ) ;  B F - 0 5 0  ( 1 5 )  a n d B F - 0 7 2  
( 1 6 )  .
P a g e  -  1 8 4
p r o t e i n  s i m i l a r i t y  i n d e x  f o r  y o u n g  m y c e l i u m  o f  S . 
l a c r v m a n s  i s o l a t e s  a n d  a  f e w  n o n - S. l a c r y m a n s  s p e c i e s  i s  
s h o w n  i n  T a b l e  1 6 .  W e s t e r n  b l o t  a n a l y s e s  o f  y o u n g  
m y c e l i u m  a r e  s h o w n  i n  F i g u r e  3 9  (S. l a c r v m a n s  i s o l a t e s )  
a n d  F i g u r e  4 0 ,  t r a c k s  9 - 1 3  ( n o n - S. l a c r v m a n s  
i s o l a t e s ) . T h e s e  i n d i c a t e d  t h a t  i s o l a t e  B F - 0 5 0  h a d  a  
s i m i l a r  a n t i g e n i c  p r o f i l e  t o  o t h e r  S. l a c r y m a n s  i s o l a t e s  
w h o s e  p r o f i l e  d i f f e r e d  f r o m  y o u n g  m y c e l i u m  o f  n o n - S . 
l a c r y m a n s  s p e c i e s .  F i g u r e  4 0  a l s o  i l l u s t r a t e s  t h a t ,  
f i r s t l y ,  t h e r e  i s  a  d i f f e r e n c e  i n  d e f i n i t i o n  b e t w e e n  
a n t i g e n s  o f  y o u n g  a n d  a g e d  m y c e l i u m  o f  a l l  t h e  w o o d  
d e c a y  B a s i d i o m y c e t e s  a n a l y s e d ,  e . g .  c o m p a r e  t r a c k s  8 - 
1 3  ( y o u n g )  w i t h  t r a c k s  3 - 6  ( a g e d ) ; s e c o n d l y ,  t h e  
a n t i g e n i c  p r o f i l e s  o f  s t a n d a r d  m y c e l i u m  o f  o t h e r  
B a s i d i o m y c e t e s  a r e  c o m p o s e d  o f  a n t i g e n s  f o u n d  i n  y o u n g  
a n d  a g e d  m y c e l i u m ,  e . g .  c o m p a r e  t h e  s t a n d a r d  m y c e l i a l  
p r o f i l e  o f  P. i n c r a s s a t a  ( F i g u r e  2 1 ,  t r a c k  11) w i t h  
t h o s e  o f  i t s  y o u n g  a n d  a g e d  m y c e l i u m  ( F i g u r e  4 0 ,  t r a c k s  
1 0  a n d  3 r e s p e c t i v e l y ) .
7 . 5  A n a l y s i s  o f  i n f e c t e d  w o o d .
P i n e  a n d  l i m e  s a p w o o d  c u b e s  w e r e  d e c a y e d  t o  d i f f e r e n t  
e x t e n t s  b y  S. l a c r y m a n s  F P R L  1 2 C ,  e x t r a c t e d  a n d  
s u b j e c t e d  t o  S D S - P A G E / s i l v e r  s t a i n  a n d  w e s t e r n  b l o t  
a n a l y s i s  t o  i n v e s t i g a t e  m o l e c u l a r  p r o f i l e s  ( F i g u r e  41, 
i n f e c t e d  p i n e  s a p w o o d ;  F i g u r e  4 2 ,  p r o t e i n  b a n d s  
a s s o c i a t e d  w i t h  l i m e  i n f e c t e d  w i t h  s. l a c r y m a n s  F P R L  
1 2 C ). B o t h  f i g u r e s  i n d i c a t e  t h e  p a u c i t y  o f  p r o t e i n s  i n  
u n i n f e c t e d  w o o d  ( t r a c k  3 i n  b o t h  f i g u r e s )  a n d  i l l u s t r a t e  
a  d i f f e r e n c e  o f  p r o t e i n  p r o f i l e  b e t w e e n  s t a n d a r d  
m y c e l i u m  a n d  t h e  o r g a n i s m  i n  w o o d ,  e . g .  c o m p a r e  F i g u r e
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l a c r v m a n s  i s o l a t e s  a n d  s o m e  n o n - S. l a c r y m a n s  
s p e c i e s  w i t h  r e f e r e n c e  t o  y o u n g  m y c e l i u m  o f  S ♦ 
l a c r y m a n s  F P R L  1 2 C .
Table 16: P rotein  s im ila r ity  index of young mycelium of S ♦
S p e c i e s I s o l a t e P e r c e n t a g e
n u m b e r s i m i l a r i t y
S. l a c r y m a n s C M I  1 5 2 2 3 3 1 0 0
ii B F - 0 1 1 0 0
n B F - 0 3 A 1 0 0
ll B F - 0 7 B 1 0 0
it B F - 0 1 7 B 90
n B F - 0 1 8 A 90
n B F - 0 2 3 90
ii B F - 0 2  5 90
ll B F - 0 4 4 90
ll B F - 0 4 6 90
ll B F - 0 5 0 90
ll B F - 0 7 2 90
ll B F - 0 1 5 B 4 8 . 7
P. i n c r a s s a t a 4 4 . 0
C. v e r s i c o l o r 4 1 . 9
C. p u t e a n a 3 4 . 3
F. v a i l l a n t i i 3 4 . 0
P. p a n u o i d e s 2 9 . 3
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F i g u r e  3 9 : W e s t e r n  b l o t  a n a l y s i s  o f  y o u n g  m y c e l i u m  o f  S .
1 a e r y m a n s  i s o l a t e s .
10
T r a c k s  1  a n d  1 6  r e p r e s e n t  S . l a c r y m a n s  F P R L  1 2 C  s t a n d a r d  
m y c e l i u m .
T r a c k s  2 - 1 5  r e p r e s e n t  y o u n g  m y c e l i u m  o f  t h e  f o l l o w i n g
i s o l a t e s  o f  S . l a c r y m a n s : B F - 0 7 2  ( 2 ) ;  B F - 0 5 0  ( 3 ) ;  B F -  
0 4 6  ( 4 ) ;  B F - 0 4 4  ( 5 ) ;  B F - 0 2 5  ( 6 ) ;  B F - 0 2 3  ( 7 ) ;  B F - 0 1 8 A  
( 8 ) ;  B F - 0 1 7 B  ( 9 ) ;  B F - 0 1 5 B  ( 1 0 ) ;  B F - 0 7 B  ( 1 1 ) ;  B F - 0 3 A  
( 1 2 ) ;  B F - 0 1  ( 1 3 ) ;  C M I  1 5 2 2 3 3  ( 1 4 )  a n d  F P R L  1 2 C  ( 1 5 ) .
P a g e  -  1 8 7
F i g u r e  4 0 : W e s t e r n  b l o t  a n a l y s i s  o f  y o u n g  a n d  a g e d  m y c e l i u m
o f  w o o d  d e c a y  B a s i d i o m y c e t e s .
T r a c k s  1  a n d  1 6  r e p r e s e n t  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k s  2 ,  7  a n d  1 5  r e p r e s e n t  s t a n d a r d  m y c e l i u m  o f  S .
1 a e r y m a n s  F P R L  1 2 C .
T r a c k s  3 - 6  r e p r e s e n t  a g e d  m y c e l i u m  o f  P .  i n c r a s s a t a  ( 3 ) ;
P .  p a n u o i d e s  ( 4 ) ;  C .  p u t e a n a  ( 5 )  a n d  S .  l a c r y m a n s  F P R L  
1 2 C  ( 6 ) .
T r a c k s  8 - 1 4  r e p r e s e n t  y o u n g  m y c e l i u m  o f  S . l a c r y m a n s  F R P L  
1 2 C  ( 8  a n d  1 4 ) ;  C .  v e r s i c o l o r  ( 9 ) ;  P .  i n c r a s s a t a  ( 1 0 ) ;
P .  p a n u o i d e s  ( 1 1 ) ;  F .  v a i l l a n t i i  ( 1 2 )  a n d  C .  p u t e a n a
( 1 3 ) .  . . . . . . .
P a g e  -  1 8 8
Figure 41 : SDS-PAGE/silver s ta in  a n a ly s is  of S . lacrymans in
p i n e  s a p w o o d .
10 • • • - 1 5
T r a c k s  1  a n d  1 6  r e p r e s e n t  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k s  2 ,  8  a n d  1 5  r e p r e s e n t  s t a n d a r d  m y c e l i u m  o f  S . 
l a c r y m a n s  F P R L  1 2 C .
T r a c k  3  r e p r e s e n t s  u n i n f e c t e d  w o o d .
T r a c k s  4 - 7  a n d  9 - 1 4  r e p r e s e n t  i n f e c t e d  p i n e  b l o c k s  w i t h  
t h e  f o l l o w i n g  w e i g h t  l o s s e s :  0 %  ( 4 ) ;  0 . 4 7 %  ( 5 ) ;  1 . 0 2 %
( 6 ) ;  4 . 2 4 %  ( 7 ) ;  8 . 2 9 %  ( 9 ) ;  1 1 . 0 3 %  ( 1 0 ) ;  1 5 . 4 4 %  ( 1 1 ) ;  
1 9 . 2 8 %  ( 1 2 ) ;  2 4 . 5 1 %  ( 1 3 )  a n d  2 6 . 7 3 %  ( 1 4 ) .
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F i g u r e  4 2 : D i a g r a m m a t i c  r e p r e s e n t a t i o n  o f  t h e  p r o t e i n  b a n d s  
a s s o c i a t e d  w i t h  e x t r a c t s  o f  l i m e  i n f e c t e d  w i t h  S j .  
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T r a c k s  1  a n d  1 0  r e p r e s e n t  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k  2 r e p r e s e n t s  s t a n d a r d  m y c e l i u m  o f  S . l a c r y m a n s  F P R L  
1 2 C .
T r a c k  3 r e p r e s e n t s  u n i n f e c t e d  l i m e  s a p w o o d .
T r a c k s  4 - 9  r e p r e s e n t  i n f e c t e d  w o o d  w i t h  t h e  f o l l o w i n g
w e i g h t  l o s s e s :  0% ( 4 ) ;  0 . 5 4 %  ( 5 ) ;  2 3 . 2 7 %  ( 6 ) ;  3 0 . 4 6 %
( 7 ) ;  5 4 . 9 1 %  ( 8 )  a n d  6 1 . 9 9 %  ( 9 ) .
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4 1 ,  t r a c k  8 w i t h  7  a n d  9 .  E v e n  a t  v e r y  e a r l y  s t a g e s  o f  
i n f e c t i o n ,  i . e .  b e f o r e  m e a s u r a b l e  w e i g h t  l o s s  ( t r a c k  4  
i n  b o t h  f i g u r e s )  n e w  p r o t e i n  b a n d s  c o u l d  b e  s e e n  f r o m  
e x t r a c t e d  b l o c k s  a l t h o u g h  s o m e  b a n d s  a p p a r e n t l y  
c o r r e s p o n d e d  w i t h  t h e  s t a n d a r d  F P R L  1 2 C  p r o f i l e .
T h e  b a n d i n g  p a t t e r n  c h a n g e d  d u r i n g  t h e  d e c a y  p e r i o d  
a l t h o u g h  t h e r e  w e r e  n u m e r o u s  s i m i l a r i t i e s  b e t w e e n  t h e  
p a t t e r n s  p r o d u c e d  a t  t h e  d i f f e r e n t  d e c a y  p e r i o d s ,  e . g .  
a s  i l l u s t r a t e d  i n  F i g u r e  4 2 ,  t h e  p r o t e i n s  a t  
a p p r o x i m a t e l y  3 6  k D a ,  4 5  k D a  a n d  6 6  k D a .  T h e  p r o t e i n  
p r o f i l e s  o f  S . l a c r y m a n s  i n  p r o g r e s s i v e l y  d e c a y e d  p i n e  
a n d  l i m e  s a p w o o d  w e r e  a l s o  c o m p a r e d  w i t h  y o u n g  a n d  a g e d  
m y c e l i u m .  T h e  p r o t e i n  s i m i l a r i t y  i n d i c e s  f o r  w o o d  g r o w n
S .  l a c r y m a n s  F P R L  1 2 C  a r e  s h o w n  i n  T a b l e  1 7  w h i c h  
i n d i c a t e s ,  f i r s t l y ,  t h a t  w i t h  s i m i l a r i t y  i n d i c e s  t o  
s t a n d a r d  m y c e l i u m  o f  4 0 . 7  -  5 3 . 0  ( p i n e )  a n d  3 4 . 5  -  3 7 . 9  
( l i m e )  S .  l a c r y m a n s  F P R L  1 2 C  i n  w o o d  i s  v e r y  d i f f e r e n t  
f r o m  s t a n d a r d  m y c e l i u m ;  a n d ,  s e c o n d l y ,  t h a t  i n  p i n e  a n d  
l i m e  s a p w o o d  a t  l o w  w e i g h t  l o s s e s  S . l a c r v m a n s  F P R L  1 2 C  
i s  m o r e  l i k e  y o u n g  m y c e l i u m  t h a n  e i t h e r  s t a n d a r d  o r  a g e d  
m y c e l i u m ;  t h i r d l y ,  t h e  o r g a n i s m  i n  w o o d  o f  h i g h e r  w e i g h t  
l o s s e s  i s  m o r e  s i m i l a r  t o  a g e d  m y c e l i u m  t h a n  t o  y o u n g  
m y c e l i u m  a n d  t h i s  i s  a l s o  s u g g e s t e d  b y  T a b l e  1 8  w h i c h  
i n d i c a t e s  a  c h a n g e  i n  n a t u r e  o f  S . l a c r v m a n s  a s  d e c a y  o f  
p i n e  a n d  l i m e  p r o g r e s s e s .
C o n f i r m a t i o n  o f  p r o t e i n  a n a l y s i s  w a s  s o u g h t  b y  w e s t e r n  
b l o t  a n a l y s i s  o f  p i n e  b l o c k s  w i t h  w e i g h t  l o s s e s  b e t w e e n  
0 . 0  a n d  2 6 . 7 3 %  ( F i g u r e  4 3 ) .  U n d e c a y e d  w o o d  s h o w e d  v e r y  
l i m i t e d  c r o s s  r e a c t i v i t y  ( t r a c k  1 4 )  a n d  d e c a y e d  w o o d  
s h o w e d  b a n d s  ( t r a c k s  3 - 8  a n d  1 0  -  1 3 ) .  T h e  a n t i g e n i c  
p r o f i l e s  o f  m a t e r i a l  g r o w n  o n  w o o d  o r  i n  l i q u i d  c u l t u r e
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1 2 C  i n  p i n e  a n d  l i m e  s a p w o o d  w i t h  r e f e r e n c e  t o  
s t a n d a r d ,  y o u n g  a n d  a g e d  m y c e l i u m  o f  S .  l a c r v m a n s  
F P R L  1 2 C .
Table 17: P rotein  s im ila r ity  in d ices  of S . lacrymans FPRL
P e r c e n t a g e  s i m i l a r i t y  t o
% w e i g h t  l o s s S t a n d a r d Y o u n g A g e d
P i n e  0 . 0 4 5 . 9 7 6 . 5 4 7 . 8
1 . 0 2 4 7 . 6 6 1 . 9 4 6 . 4
4 . 2 4 4 2 . 9 6 7 . 8 4 7 . 2
1 1 . 0 3 5 2 . 6 7 0 . 9 4 6 . 8
1 9 . 2 8 5 3 . 0 7 6 . 3 ( 4 ) 5 6 . 7
2 6 . 7 3 5 2 . 4 6 4 . 7 6 1 . 3
3 9 . 8 4 4 0 . 7 5 9 . 2 ( 4 ) 6 5 . 2
4 2 . 5 4 1 . 8 5 3 . 6 ( 4 ) 6 3 . 0
L i m e  0 . 0 3 7 . 8 7 1 . 2 ( 4 ) 4 4 . 5
0 . 5 4 3 5 . 1 6 5 . 6 4 5 . 7
2 3 . 2 7 3 7 . 2 6 4 . 3 ( 4 ) 4 2 . 4
3 0 . 4 6 3 4 . 5 5 8 . 9 5 7 . 6
5 4 . 9 1 3 5 . 1 5 6 . 1 6 5 . 8
6 1 . 9 9 3 7 . 9 5 7 . 1 ( 4 ) 6 1 . 3
A l l  v a l u e s  w e r e t h e  m e a n  o f 2  o b s e r v a t i o n s  u n l i
s t a t e d  i n  p a r e n t h e s i s  ( ) .
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T a b l e  1 8 ;
A l l  v a l u e s
P r o t e i n  s i m i l a r i t y  i n d e x  o f  S . l a c r y m a n s  i n f e c t e d  
p i n e  b l o c k s  w i t h  r e f e r e n c e  t o  0% w e i g h t  l o s s  
b l o c k .
% w e i g h t  l o s s P e r c e n t a g e
s i m i l a r i t y
P i n e  0 . 4 7  8 5 . 7
1 . 0 2  8 5 . 7
4 . 2 4  8 0 . 9
8 . 2 9  7 8 . 9
1 1 . 0 3  7 8 . 9
1 5 . 4 4  7 1 . 4
1 9 . 2 8  7 1 . 4
2 4 . 5 1  7 1 . 4
2 6 . 7 3  7 1 . 4
3 9 . 8 4  6 5 . 8
4 2 . 5 0  6 3 . 4
L i m e  0 . 5 4  8 2 . 1
2 3 . 2 7  8 4 . 5
3 0 . 4 6  7 6 . 8
5 4 . 9 1  7 0 . 7
6 1 . 9 9  6 2 . 8
w e r e  t h e  m e a n  o f  2  o b s e r v a t i o n s .
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F i g u r e  4 3 : A n a l y s i s  o f  a n t i g e n i c  p r o t e i n s  o f  S .  l a c r y m a n s  
F P R L  1 2 C  i n  i n f e c t e d  p i n e  s a p w o o d .
5 * * 1 0 15
o o
T r a c k  1  r e p r e s e n t s  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  p r o t e i n s .
T r a c k s  2 ,  9  a n d  1 5  r e p r e s e n t  e x t r a c t s  o f  F P R L  1 2 C  s t a n d a r d  
m y c e l i u m .
A  s a m p l e  o f  u n i n f e c t e d  w o o d  i s  s h o w n  i n  t r a c k  1 4 .
T r a c k s  3 - 8  a n d  1 0  -  1 3  r e p r e s e n t  e x t r a c t s  f r o m  i n f e c t e d  
w o o d  b l o c k s  w i t h  t h e  f o l l o w i n g  w e i g h t  l o s s e s :
2 6 . 7 3 %  ( 3 ) ;  2 4 . 5 1  ( 4 ) ;  1 9 . 2 8 %  ( 5 ) ;  1 5 . 4 4 %  ( 6 ) ;  1 1 . 0 3 %
( 7 ) ;  8 . 2 9 %  ( 8 ) ;  4 . 2 4 %  ( 1 0 ) ;  1 . 0 2 %  ( 1 1 ) ;  0 . 4 7 %  ( 1 2 )  
a n d  0 . 0 %  ( 1 3 ) .
.  a n d  o  r e p r e s e n t  t h e  m a j o r  a n t i g e n s ,  o f  m o l e c u l a r  w e i g h t s  
5 7  k D a  a n d  4 3  k D a  r e s p e c t i v e l y ,  f o u n d  i n  i n f e c t e d  
w o o d .
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w e r e  r a t h e r  d i f f e r e n t  ( t r a c k s  8  a n d  9 )  , e . g .  t h e  t w o  
m a j o r  d i f f u s e  a n t i g e n s  w h i c h  w e r e  p r e s e n t  i n  t h e  
s t a n d a r d  m y c e l i u m  w e r e  l e s s  p r o m i n e n t  i n  t h e  w o o d  
m a t e r i a l .  H o w e v e r ,  t w o  o t h e r  a n t i g e n s  w h i c h  w e r e  m i n o r  
c o m p o n e n t s  o f  t h e  l i q u i d  c u l t u r e  e x t r a c t s ,  f e a t u r e d  a s  
t h e  m a j o r  a n t i g e n s  o f  t h e  w o o d  e x t r a c t s .  C o m p a r i s o n  o f  
t h e  r e s u l t s  s h o w n  i n  F i g u r e s  3 1  a n d  4 3  i n d i c a t e s  t h a t  
t h e  a n t i g e n i c  p r o f i l e s  f o u n d  i n  y o u n g  m y c e l i u m  c l o s e l y  
r e s e m b l e d  t h o s e  d e t e c t e d  i n  e x t r a c t s  o f  p i n e  s a p w o o d  
g r o w n  m y c e l i u m .  C o n f i r m a t i o n  o f  t h i s  o b s e r v a t i o n  i s  
s h o w n  i n  F i g u r e  4 4  w h i c h  i n d i c a t e s  t h a t  t h e  m a j o r  
a n t i g e n s  f o u n d  i n  y o u n g  m y c e l i u m  o f  S ♦ l a c r y m a n s  F P R L  
1 2 C  ( t r a c k  8 )  a n d  i n  i n f e c t e d  p i n e  a n d  l i m e  s a p w o o d  
( t r a c k s  1 0  a n d  4  r e s p e c t i v e l y )  a r e  s i m i l a r  i n  m o l e c u l a r  
w e i g h t  a n d ,  p o s s i b l y ,  i n  i d e n t i t y .  T h i s  i s  p a r t i c u l a r l y  
a p p a r e n t  i n  b l o c k s  w i t h  w e i g h t  l o s s e s  o f  < 2 7 % ,  e . g .  
F i g u r e  4 3 ,  t r a c k s  1 0  -  1 3  a n d  3 - 8 ;  a n d  F i g u r e  4 4 ,  
t r a c k s  4 ,  5 ,  6  ( l i m e )  a n d  1 0 .  1 1 ,  1 2  ( p i n e ) .  B l o c k s  o f  
h i g h e r  w e i g h t  l o s s  ( F i g u r e  4 4 ,  t r a c k s  3 a n d  9 )  i n d i c a t e  
a  t r e n d  t o w a r d s  l o s s  o f  t h e  m a j o r  a n t i g e n s  o f  y o u n g  
m y c e l i u m .
D i f f e r e n t  s u b s t r a t e s  m a y  a l s o  b e  a s s o c i a t e d  w i t h  
d i f f e r e n t  p r o f i l e s .  W h e n  i n f e c t e d  w o o d  b l o c k s  w e r e  
c o m p a r e d  e i t h e r  w i t h  t h e  i n f e c t e d  w o o d  b l o c k  s h o w i n g  n o  
w e i g h t  l o s s  ( T a b l e  1 8 )  o r  w i t h  e a c h  o t h e r  ( T a b l e  1 9 )  a  
c o m p a r i s o n  o f  t h e  r e s u l t a n t  p r o t e i n  s i m i l a r i t y  i n d i c e s  
w i t h  T a b l e  1 7  c o n f i r m e d  t h a t  S .  l a c r y m a n s  F P R L  1 2 C  g r o w n  
i n  w o o d  h a s  a  m a r k e d l y  d i f f e r e n t  p r o t e i n  p r o f i l e  t o  t h a t  
o f  t h e  o r g a n i s m  g r o w n  i n  a r t i f i c i a l  m e d i a .
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F i g u r e  4 4 : T h e  a n t i g e n i c  p r o f i l e s  o f  y o u n g  m y c e l i u m  o f  S .
l a c r y m a n s  F P R L  1 2 C  a n d  p i n e  a n d  l i m e  s a p w o o d  
i n f e c t e d  w i t h  S . l a c r y m a n s  F P R L  1 2 C .
5 - * * * IQ • • • - l 5
T r a c k s  1 ,  1 5  a n d  1 6  r e p r e s e n t  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k s  2 ,  8  a n d  1 4  r e p r e s e n t  y o u n g  m y c e l i u m  o f  S .  l a c r y m a n s  
F P R L  1 2 C .
T r a c k s  7  a n d  1 3  r e s p e c t i v e l y  r e p r e s e n t  u n i n f e c t e d  l i m e  a n d  
p i n e  s a p w o o d .
T r a c k s  3 - 6  r e p r e s e n t  i n f e c t e d  l i m e  s a p w o o d  o f  t h e
f o l l o w i n g  w e i g h t  l o s s e s :  5 4 . 9 1 %  ( 3 ) ;  2 3 . 2 7 %  ( 4 ) ;  0 . 5 4 %  
( 5 )  a n d  0 . 0 %  ( 6 ) .
T r a c k s  9 - 1 2  r e p r e s e n t  i n f e c t e d  p i n e  s a p w o o d  o f  t h e
f o l l o w i n g  w e i g h t  l o s s e s :  4 5 . 2 %  ( 9 ) ;  1 9 . 2 8 %  ( 1 0 ) ;  1 . 0 2 %  
( 1 1 )  a n d  0 . 0 %  ( 1 2 ) .
. a n d  o  r e p r e s e n t  a n t i g e n s  o f  5 7  k D a  a n d  4 3  k D a  
r e s p e c t i v e l y .
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T a b l e  1 9 : P r o t e i n  s i m i l a r i t y  i n d e x  o f  S . l a c r y m a n s  F P R L  1 2 C
g r o w n  i n  p i n e  o r  l i m e  s a p w o o d  w h e n  c o m p a r e d  w i t h  
e a c h  o t h e r  r a t h e r  t h a n  t h e  s t a n d a r d  F P R L  1 2 C  
p r e p a r a t i o n .
C o m p a r i s o n  b e t w e e n  b l o c k s  P e r c e n t a g e
o f  s t a t e d  w e i g h t  l o s s  s i m i l a r i t y
S t a n d a r d  T e s t
P i n e
L i m e
0 . . 0 0 . 4 7 9 5 . . 0
0 . . 4 7 1 . 0 2 9 4 . . 7
1 . . 0 2 4 . 2 4 9 2 . . 0
4 . . 2 4 8 . 2 9 9 3 . . 6
8 . . 2 9 1 1 . 0 3 9 0 . . 5
1 1 . . 0 3 1 5 . 4 4 9 3 . . 2
1 5 . . 4 4 1 9 . 2 8 8 7 . . 6
1 9 . . 2 8 2 4 . 5 1 8 3 . . 5
2 4 . , 5 1 2 6 . 7 3 8 2 . . 1
2 6 . . 7 3 3 9 . 8 4 8 1 . . 9
3 9 . . 8 4 4 2 . 5 0 8 4 . . 5
0 . , 0 0 . 5 4 9 0 . , 5
0 . . 5 4 2 3 . 2 7 9 5 . , 9
2 3 . . 2 7 3 0 . 4 6 7 0 . . 7
3 0 . . 4 6 5 4 . 9 1 8 5 . . 7
5 4 . . 9 1 6 1 . 9 9 8 8 . . 4
A l l  v a l u e s  a r e  t h e  m e a n  o f  2 o b s e r v a t i o n s .
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7 .6  D iscu ssion .
P r e v i o u s  c h a p t e r s  h a v e  s h o w n  t h e  r e m a r k a b l e  c o n s i s t e n c y  
o f  m o l e c u l a r  p r o f i l e s  o f  S .  l a c r y m a n s . H o w e v e r ,  t h e s e  
s t u d i e s  a l s o  i l l u s t r a t e d  a  s e t  o f  d i v e r s e  o b s e r v a t i o n s  
w h i c h  a r e  f u r t h e r  a n a l y s e d  i n  t h i s  c h a p t e r ,  v i z  t h e  
n a t u r e  o f  t h e  m o l e c u l a r  p r o f i l e  o f  y o u n g  a n d  a g e d  
m y c e l i u m ,  t h e  i d e n t i t y  o f  i s o l a t e  B F - 0 5 0  a n d  t h e  p r o f i l e  
o f  S .  l a c r v m a n s  i n  w o o d .
I n  s p i t e  o f  t h e  d i f f e r e n c e  i n  t h e  v i s u a l  a p p e a r a n c e  o f  
t h e  a n t i g e n i c  p r o f i l e  o f  y o u n g  a n d  a g e d  m y c e l i u m  t h e y  
h a v e  a  n u m b e r  o f  a n t i g e n s  i n  c o m m o n  w i t h  e a c h  o t h e r .
T h i s  i s  n o t  s u r p r i s i n g  s i n c e  a g e d  m y c e l i u m  i s  
d i f f e r e n t i a t e d  f r o m  y o u n g  m y c e l i u m  ( H o r n u n g  & J e n n i n g s ,
1 9 8 1 )  . A d d i t i o n a l l y ,  s i n c e  t h e r e  i s  a  c l o s e  a s s o c i a t i o n  
i n  t h e  m o l e c u l a r  w e i g h t s  o f  t h e  m a j o r  a n t i g e n s  
a s s o c i a t e d  w i t h  y o u n g  a n d  a g e d  m y c e l i u m ,  e . g .  a n t i g e n s  6 
a n d  7 ( F i g u r e  4 5 ) ,  t h i s  i s  p e r h a p s  s u g g e s t i v e  o f  a  
r e l a t i o n s h i p  b a s e d  o n  d e r i v a t i o n  f r o m  t h e  s a m e  i n i t i a l  
g e n e  p r o d u c t  d u r i n g  d i f f e r e n t i a t i o n .
F i g u r e  4 5  : T h e  m a j o r  a n t i g e n s  o f  y o u n g  a n d  a g e d  m y c e l i u m .
MW M a j o r  a n t i g e n s  M a j o r  a n t i g e n s
( k D a )  i n  y o u n g  m y c e l i u m  i n  a g e d  m y c e l i u m
5 7  ________  6
5 1  -  5 4 . 5 / / / / /  7
4 4
4 3
4 1 . 5  -  4 2 . 5
9
10
/ / / / /  11
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T w o  m o d e l s  m i g h t  b e  p r o p o s e d  f o r  t h e  d e r i v a t i o n  o f  t h e  
m a j o r  a n t i g e n s  o f  a g e d  m y c e l i u m .  F i r s t l y ,  t h e y  m i g h t  b e  
b r e a k d o w n  p r o d u c t s  o f  t h e  m a j o r  a n t i g e n s  i n  y o u n g  
m y c e l i u m  p r o d u c e d  d u r i n g  e x p e r i m e n t a l  p r e p a r a t i o n .  
H o w e v e r ,  t h i s  w a s  i n v e s t i g a t e d  u s i n g  i n  v i t r o  i n c u b a t i o n  
t e c h n i q u e s  w h i c h  p r o d u c e d  n o  c o n c l u s i v e  e v i d e n c e  i n  
f a v o u r  o f  t h i s  h y p o t h e s i s .  S e c o n d l y ,  t h e  v i s u a l  
a p p e a r a n c e  o f  t h e  m a j o r  a n t i g e n s  m i g h t  s u g g e s t  t h a t  
t h o s e  o f  a g e d  m y c e l i u m  a r e  g l y c o p r o t e i n s  d e r i v e d  d u r i n g  
d i f f e r e n t i a t i o n  e i t h e r  b y  b r e a k d o w n  a n d  s u b s e q u e n t  
g l y c o s y l a t i o n  o f  t h e  m a j o r  p r o t e i n  a n t i g e n s  o f  y o u n g  
m y c e l i u m  o r  b y  c l e a v a g e  o f  m a j o r  g l y c o p r o t e i n  a n t i g e n s  
o f  y o u n g  m y c e l i u m .  T h i s  w a s  i n v e s t i g a t e d  u s i n g  
p e r o x i d a s e - l i n k e d  C o n  A  a n d  i n d i c a t e d  t h a t  w h i l s t  
a n t i g e n s  7  a n d  1 1  w e r e  g l y c o p r o t e i n s  s o  a l s o  w a s  a n t i g e n
6 .  T h i s  m i t i g a t e s  a g a i n s t  t h e  p o s s i b i l i t y  o f  a n t i g e n  6 
b e i n g  t h e  p r o t e i n  p r e c u r s o r  o f  a n t i g e n  7  b u t  i s  
c o n s i s t e n t  w i t h  b r e a k d o w n  a n d  r e o r g a n i s a t i o n  o f  a n t i g e n  
6 i n t o  a n t i g e n  7 .
T h a t  a n t i g e n s  9 a n d  1 0  w e r e  n o t  s t a i n e d  b y  C o n  A  m e r e l y  
i n d i c a t e d  t h a t  t h e s e  m a j o r  a n t i g e n s  o f  y o u n g  m y c e l i u m  
d i d  n o t  c o n t a i n  t e r m i n a l  a - D - m a n n o s y l  o r  a - D - g l u c o s y l  
r e s i d u e s .  I t  m i g h t  b e  t h a t  t h i s  r e s u l t  i s  i n d i c a t i v e  o f  
t h e  n o n - g l y c o s y l a t e d  n a t u r e  o f  t h e s e  a n t i g e n s  a n d  t h e  
p o s s i b i l i t y  o f  t h e i r  b e i n g  p r o t e i n  p r e c u r s o r s  t o  a n t i g e n
1 1 .  H o w e v e r ,  b e f o r e  a n y  c o n c l u s i o n s  c a n  b e  d r a w n  a b o u t  
t h e  r e l a t i o n s h i p  o f  a n t i g e n s  9 a n d  1 0  t o  a n t i g e n  1 1 ,  
f u r t h e r  i n v e s t i g a t i o n  o f  t h e  c h e m i c a l  n a t u r e  o f  t h e s e  
a n t i g e n s  i s  r e q u i r e d .  S u c h  w o r k  m i g h t  i n c l u d e  t h e  u s e  o f  
d i f f e r e n t  l e c t i n s  w h i c h  a r e  s p e c i f i c  f o r  o t h e r  s u g a r  
r e s i d u e s ,  e . g .  D S A ,  f r o m  D a t u r a  s t r a m o n i u m , w h i c h  
d e t e c t s  c a r b o h y d r a t e  s e q u e n c e s  w i t h  t e r m i n a l  j i - D - N -
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a c e t y l - g l u c o s a m i n e  a n d  p - D - g a l a c t o s e  ( B o e h r i n g e r  
M a n n h e i m ) .
T h e s e  s t u d i e s  i n d i c a t e  t h a t  i t  i s  p o s s i b l e  t h a t  t h e  
m a j o r  a n t i g e n s  i n  y o u n g  m y c e l i u m  a r e  r e l a t e d  t o  t h o s e  i n  
a g e d  m y c e l i u m  t h o u g h  f u r t h e r  w o r k  i s  r e q u i r e d  b e f o r e  
d e f i n i t e  c o n c l u s i o n s  c a n  b e  d r a w n ;  f o r  e x a m p l e ,  
p u l s e / c h a s e  e x p e r i m e n t s  i n v o l v i n g  l a b e l l i n g  o f  t h e  m a j o r  
a n t i g e n s  i n  y o u n g  m y c e l i u m ;  t h e  d e v e l o p m e n t  o f  m o l e c u l a r  
p r o b e s  a g a i n s t  m a j o r  a n t i g e n s  i n  y o u n g  m y c e l i u m ,  e . g .  
m o n o c l o n a l  a n t i b o d i e s ,  t o  i n v e s t i g a t e  t h e i r  r e a c t i o n  
w i t h  t h e  m a j o r  a n t i g e n s  i n  a g e d  m y c e l i u m ;  o r  t h e  
i n c l u s i o n  i n  t h e  g r o w t h  m e d i u m  o f  a  g l y c o s y l a t i o n  
i n h i b i t o r ,  e . g .  t u n i c a m y c i n ,  w i t h  s u b s e q u e n t  
i n v e s t i g a t i o n  o f  t h e  a n t i g e n i c  p r o f i l e  o f  a g e d  m y c e l i u m .
I f  m o l e c u l a r  p r o f i l e s  a r e  t o  b e  u s e d  f o r  i d e n t i f i c a t i o n  
p u r p o s e s  i t  i s  e s s e n t i a l  t o  h a v e  e i t h e r  c o n s i s t e n c y  i n  
b a n d i n g  p a t t e r n  a m o n g s t  i s o l a t e s  o r  k n o w l e d g e  o f  t h e  
r a n g e  o f  v a r i a t i o n  o f  t h e  s p e c i e s  u n d e r  i n v e s t i g a t i o n  
e x p r e s s e d  a s  a  p e r c e n t a g e  s i m i l a r i t y  i n d e x .  B o t h  o f  
t h e s e  c a n  b e  a c h i e v e d  o n l y  a f t e r  a n a l y s i s  o f  a  l a r g e  
n u m b e r  o f  b o n a  f i d e  i s o l a t e s .  M o s t  b o n a  f i d e  i s o l a t e s  o f  
S . l a c r y m a n s  s h o w e d  h i g h l y  c o n s i s t e n t  p r o f i l e s  t o  t h e  
r e f e r e n c e  m a t e r i a l  i n  4 t e s t s  ( S D S - P A G E / s i l v e r  s t a i n  
w i t h  s t a n d a r d  a n d  y o u n g  m y c e l i u m ,  w e s t e r n  b l o t t i n g  a n d  
g l y c o p r o t e i n  s t a i n i n g ) . H o w e v e r ,  w h i l s t  i s o l a t e  B F - 0 5 0  
c o n f o r m e d  t o  t h e  p r o f i l e  f o r  i s o l a t e  F P R L  1 2 C  i n  3 t y p e s  
o f  a n a l y s i s  i t  p r o d u c e d  a n  a n o m a l o u s  p a t t e r n  i n  t h e  
b a s i c  t e s t  ( S D S - P A G E / s i l v e r  s t a i n  a g a i n s t  s t a n d a r d  
m y c e l i u m ) . T h i s  m i g h t  l e a d  t o  m i s i d e n t i f i c a t i o n  i f  t h i s  
w e r e  t h e  o n l y  t e s t  u s e d  f o r  i d e n t i f i c a t i o n  a n d  c o u l d  
l e a d  t o  d o u b t  b e i n g  c a s t  u p o n  t h e  u s e f u l n e s s  o f
Page - 200
m o l e c u l a r  t e c h n i q u e s  f o r  i d e n t i f i c a t i o n  p u r p o s e s .  T h e  
e x t e n t  t o  w h i c h  B F - 0 5 0  i s  a n o m a l o u s  i s  d i f f i c u l t  t o  
d e t e r m i n e  s i n c e  a  r e l a t i v e l y  l o w  n u m b e r  o f  t e s t s  
i n v e s t i g a t i n g  v a r i a t i o n  h a v e  p r o d u c e d  o n e  i n c o n s i s t e n t  
r e s u l t ;  o n l y  i f  a  l a r g e  n u m b e r  o f  t e s t s  i n v e s t i g a t e d  a  
l a r g e  n u m b e r  o f  i s o l a t e s  w h i c h  p r o d u c e d  c o n s i s t e n t  
p r o f i l e s  w i t h  t h e  e x c e p t i o n  o f  i s o l a t e  B F - 0 5 0  i n  S D S -  
P A G E / s i l v e r  s t a i n i n g  c o u l d  t h e  i s o l a t e  b e  s a i d  t o  b e  
t r u l y  a n o m a l o u s . A n  u n d e r s t a n d i n g  o f  t h e  r a n g e  i n  t h e  
v a r i a t i o n  i n  S .  l a c r y m a n s  m a y  h a v e  b e e n  m i s l e d  b y  t h e  
r e l a t i v e l y  s m a l l  n u m b e r  ( 1 9 )  o f  i s o l a t e s  t e s t e d .
H o w e v e r ,  i n  a  s m a l l e r  s t u d y  ( 5  i s o l a t e s )  o n  C . p u t e a n a  
(McD o w e l l ,  1 9 9 2 )  a n d  a  l a r g e r  s t u d y  ( 3 0  i s o l a t e s )  o n  H .  
a n n o s u m  ( G a l b r a i t h ,  1 9 9 2 ) ,  S D S - P A G E / s i l v e r  s t a i n i n g  
i l l u s t r a t e d  a  g r e a t e r  d e g r e e  o f  v a r i a t i o n  f r o m  t h e  
r e f e r e n c e  i s o l a t e  f o r  m o s t  o r g a n i s m s  w i t h i n  e a c h  
s p e c i e s .  L i m i t e d  s t u d i e s  h a v e  a l s o  b e e n  d o n e  o n  o t h e r  
B a s i d i o m y c e t e s , e . g .  G .  t r a b e u m  ( S D S - P A G E / s i l v e r  
s t a i n i n g )  ( H a i n e y ,  1 9 9 2 )  a n d  L .  l e p i d e u s  ( w e s t e r n  
b l o t t i n g )  ( G l a n c y ,  1 9 9 0 ) ,  a n d  i n d i c a t e  t h a t  v a r i a t i o n  i s  
t o  b e  s i m i l a r i l y  e x p e c t e d  i n  t h e s e  s p e c i e s .  T h u s  i t  m a y  
b e  t h a t  S . l a c r y m a n s  i s  u n u s u a l  a m o n g s t  B a s i d i o m y c e t e s  
i n  h a v i n g  a  h i g h  d e g r e e  o f  c o n f o r m i t y  o f  p r o f i l e  a m o n g s t  
i t s  i s o l a t e s .  T h i s  m a y  b e  i n d i c a t i v e  o f  a  r e l a t i v e l y  
s h o r t  e v o l u t i o n a r y  h i s t o r y  r e l a t e d  t o  a  c o m p a r a t i v e l y  
r e c e n t  c o l o n i s a t i o n  o f  b u i l d i n g  t i m b e r .
R e s u l t s  f o r  i s o l a t e  B F - 0 5 0  i n d i c a t e  t h a t  i t  i s  a  S . 
l a c r y m a n s  i s o l a t e  b u t  t h i s  c o n c l u s i o n  w a s  o n l y  r e a c h e d  
a f t e r  s e v e r a l  t e s t s .  T h u s  t h i s  e m p h a s i s e s  t h a t  t h e  t e s t s  
u s e d  i n  t h i s  t h e s i s  d o  n o t  o f f e r  a  d e f i n i t i v e  
i d e n t i f i c a t i o n  s y s t e m  f o r  a n o m a l o u s  i s o l a t e s  w h e n  t h e s e  
t e s t s  a r e  u s e d  s i n g l y .  D i f f e r e n c e s  n o t e d  b e t w e e n  t h e
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S D S - P A G E / s i l v e r  s t a i n  p r o f i l e s  o f  s t a n d a r d  m y c e l i u m  o f  
B F - 0 5 0  a n d  F P R L  1 2 C  m u s t  b e  a t t r i b u t a b l e  t o  d i f f e r e n c e s  
i n  s t r u c t u r e  o r  f u n c t i o n  o f  t h e  p o r t i o n  o f  t h e  m y c e l i u m  
o u t w i t h  t h e  y o u n g  m y c e l i a l  a r e a ,  i . e .  o l d e r  m y c e l i u m  o f  
B F - 0 5 0 .  T h e s e  d i f f e r e n c e s  m a y  b e  r e l a t e d  t o  a n  a s p e c t  o f  
t h e  e n v i r o n m e n t  o f  t h i s  A u s t r a l i a n  i s o l a t e  w h i c h  i s  
s h a r e d  b y  n e i t h e r  t h e  t w o  o t h e r  A u s t r a l i a n  i s o l a t e s ,  B F -  
0 4 6  a n d  B F - 0 4 9 ,  n o r  a l l  o t h e r  i s o l a t e s .  T h e  o t h e r  
a n o m a l o u s  i s o l a t e ,  B F - 0 1 5 B ,  a p p e a r e d  t o  b e  c o n f i r m e d  a s  
a  d i f f e r e n t  s p e c i e s  t o  S .  l a c r y m a n s , b u t  d i a g n o s i s  a s  S . 
h i m a n t i o i d e s  m i g h t  b e  c o n f i r m e d  b y  c o m p a r i s o n  o f  y o u n g  
m y c e l i u m  o f  t h e  t w o  o r g a n i s m s .
T h e  a n t i g e n i c  p r o f i l e s  i n  w o o d  w e r e  f o u n d  t o  r e s e m b l e  
e i t h e r  y o u n g  o r  a g e d  m y c e l i u m  d e p e n d i n g  o n  t h e  w e i g h t  
l o s s  o f  t h e  w o o d .  T h i s  f i n d i n g  w a s  c o n f i r m e d  b y  t h e  
p r o t e i n  s i m i l a r i t y  i n d i c e s .  S u c h  p r o f i l e s  c o u l d  b e  
u s e f u l l y  e x p l o i t e d  i n  s t u d i e s  o n  t h e  v i a b i l i t y  a n d  d e c a y  
p o t e n t i a l  o f  S .  l a c r y m a n s  a n d  c o u l d  e n a b l e  t h e  
c o l o n i s a t i o n  o f  b u i l d i n g  t i m b e r s  b y  S . l a c r v m a n s  t o  b e  
m o n i t o r e d .  D e t e r m i n a t i o n  o f  v i a b l e  m a t e r i a l  i s  o f  p r i m e  
i m p o r t a n c e  c o m m e r c i a l l y  a n d  t h e  a n t i g e n s  a s s o c i a t e d  o n l y  
w i t h  y o u n g  m y c e l i u m  m i g h t  b e  i n d i c a t i v e  o f  v i a b i l i t y .  
M o r e  w o r k  r e q u i r e s  t o  b e  d o n e  t o  d e t e r m i n e  t h e  
r e l a t i o n s h i p  b e t w e e n  a n t i g e n i c  p r o f i l e  a n d  o r g a n i s m  
v i a b i l i t y  i n  w o o d  b u t  i m m u n o l o g i c a l  p r o b e s  d e v e l o p e d  
a g a i n s t  t h e  m a j o r  a n t i g e n s  o f  e i t h e r  y o u n g  o r  a g e d  
m y c e l i u m  c o u l d  h a v e  t h e  p o t e n t i a l  t o  d i f f e r e n t i a t e  
b e t w e e n  v i a b l e  a n d  n o n - v i a b l e  S . l a c r y m a n s .
B e n h a m o u  e t  a l . ( 1 9 8 5 ) ,  w h o  p r o d u c e d  m o n o c l o n a l
a n t i b o d i e s  w h i c h  w e r e  u s e d  i n  i m m u n o c y t o c h e m i c a l  
t e c h n i q u e s  t o  d e t e c t  t h e  D u t c h  e l m  d i s e a s e  p a t h o g e n
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Ophiostoma ulmi w ith in  in fe c te d  wood samples, were the
f i r s t  t o  u s e  i m m u n o l o g i c a l  m e t h o d s  t o  d e t e c t  f u n g i  
w i t h i n  w o o d .  M o r e  r e c e n t l y ,  s t u d i e s  h a v e  d e m o n s t r a t e d  
t h a t  i m m u n o l o g i c a l  p r o b e s  b a s e d  o n  p o l y c l o n a l  a n t i s e r a  
c a n  d e t e c t  B a s i d i o m y c e t e s  i n  w o o d ,  e . g .  L .  l e p i d e u s  a n d  
C .  v e r s i c o l o r  ( P a l f r e y m a n  e t  a l . ,  1 9 8 7 ) .  W e s t e r n  
b l o t t i n g  h a s  d e t e c t e d  C . p u t e a n a  (McD o w e l l ,  1 9 9 2 )  a n d  H . 
a n n o s u m  ( G a l b r a i t h ,  1 9 9 2 )  i n  d e c a y e d  w o o d  b l o c k s .  T h e  
p r e s e n t  s t u d y  h a s  d e m o n s t r a t e d  t h a t  S . l a c r y m a n s  c a n  
s i m i l a r l y  b e  d e t e c t e d  i n  w o o d .  T h i s  h a s  p o t e n t i a l  f o r  
t h e  i d e n t i f i c a t i o n  i n  s i t u  o f  t h e  c a u s a t i v e  o r g a n i s m  o f  
w o o d  d e c a y .  H o w e v e r ,  t h e  d i f f e r e n c e s  i n  b o t h  p r o t e i n  a n d  
a n t i g e n i c  p r o f i l e s  b e t w e e n  t h e  o r g a n i s m  g r o w n  i n  l i q u i d  
c u l t u r e  a n d  t h e  o r g a n i s m  c u l t u r e d  i n  w o o d  p o s e  p r o b l e m s  
f o r  t h i s  i d e n t i f i c a t i o n  s i n c e  i t  i s  i m p o r t a n t  t o  h a v e  
s t a n d a r d i s e d  p r o f i l e s  i n  o r d e r  t o  b e  a b l e  t o  i d e n t i f y  
o r g a n i s m s  u s i n g  t h e  p r e s e n t  m e t h o d s .  H o w e v e r ,  t h e  
p r e s e n t  a n t i s e r u m  i l l u s t r a t e s  a  h i g h  d e g r e e  o f  a n t i g e n i c  
s i m i l a r i t y  b e t w e e n  S .  l a c r y m a n s  g r o w n  o n  d i f f e r e n t  
m e d i a .  T h i s  p o i n t s  t o  p o t e n t i a l  f o r  t h e  d e v e l o p m e n t  o f  
i m m u n o l o g i c a l  d e t e c t i o n  s y s t e m  s i n c e  p r o b e s ,  e . g .  
m o n o c l o n a l  a n t i b o d i e s ,  r a i s e d  a g a i n s t  p a r t i c u l a r  
e p i t o p e s  a r e  l i k e l y  t o  r e a c t  w i t h  t h e  o r g a n i s m  g r o w n  o n  
a  w i d e  v a r i e t y  o f  s u b s t r a t e s  w h i c h  c o u l d  b e  p a r t i c u l a r l y  
u s e f u l  i n  t h e  d e t e c t i o n  o f  t h e  o r g a n i s m  i n  f i e l d  
m a t e r i a l .  T h i s  h a s  a l r e a d y  b e e n  i n v e s t i g a t e d  ( G l a n c y ,  
p e r s o n a l  c o m m u n i c a t i o n )  a n d  r e s u l t s  i n d i c a t e  t h a t  
m o n o c l o n a l  a n t i b o d i e s  c o u l d  b e  u s e d  i n  s i m p l e r  s y s t e m s  
t h a n  w e s t e r n  b l o t t i n g ,  e . g .  E L I S A ,  i m m u n o c y t o c h e m i c a l  
t e c h n i q u e s  o r  d o t  i m m u n o b i n d i n g  a s s a y s .  T o  c o n f i r m  t h e  
e x i s t e n c e  o f  t h e s e  c o m m o n  e p i t o p e s  i n  d i f f e r e n t  
m o r p h o l o g i c a l  f i e l d  f o r m s  t h e  w o r k  d e s c r i b e d  i n  c h a p t e r  
8 w a s  u n d e r t a k e n .
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CHAPTER 8 .  A N A L Y S IS  OF S .  l a c r y m a n s  F IE L D  S A M P L E S .
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8 .1  General in tro d u ction .
A c c u r a t e  d i a g n o s i s  o f  S . l a c r v m a n s  i n f e c t i o n  i n  t h e  
f i e l d  i s  i m p o r t a n t  s o  t h a t  a p p r o p r i a t e  r e m e d i a l  
t r e a t m e n t  c a n  b e  i n i t i a t e d  s p e e d i l y .  T h i s  t h e s i s  h a s  
d e m o n s t r a t e d  t h a t ,  i f  a l l i e d  w i t h  t h e  u s e  o f  s i m i l a r i t y  
i n d i c e s ,  S D S - P A G E / s i l v e r  s t a i n i n g  a n d  a n t i g e n i c  p r o f i l e s  
c a n  a l l o w  o b j e c t i v e  d i f f e r e n t i a t i o n  b e t w e e n  S .  l a c r y m a n s  
a n d  o t h e r  w o o d  d e c a y  s p e c i e s  o f  e c o n o m i c  i m p o r t a n c e .  
H o w e v e r ,  s o  f a r  t h e  r e p o r t e d  s t u d i e s  h a v e  b e e n  l a r g e l y  
l i m i t e d  t o  i s o l a t e d  m a t e r i a l  a n d  p r o b l e m s  h a v e  a l r e a d y  
b e e n  r a i s e d  i n  t h e  p o t e n t i a l  u s e  o f  m o l e c u l a r  p r o f i l e s  
f o r  i d e n t i f i c a t i o n  o f  n o n - i s o l a t e d  m a t e r i a l .  F i r s t l y ,
S D S - P A G E / s i l v e r  s t a i n  a n a l y s i s  o f  n o n - i s o l a t e d  S . 
l a c r v m a n s  ( s e e  C h a p t e r  5 ( 5 . 2 . 2 ) )  h a s  r e v e a l e d  
d i f f e r e n c e s  b e t w e e n  l a b o r a t o r y  c u l t u r e d  m y c e l i u m  a n d  a  
f e w  s a m p l e s  o f  f i e l d  m y c e l i u m ,  b a s i d i o c a r p  a n d  s t r a n d ;  
a n d  b e t w e e n  s a m p l e s  w i t h i n  o n e  m o r p h o l o g i c a l  t y p e ,  
b a s i d i o c a r p .  S e c o n d l y ,  a n t i g e n  e x p r e s s i o n  i n  S . 
l a c r v m a n s  w a s  a f f e c t e d  b y  t h e  m o r p h o l o g i c a l  g r o w t h  p h a s e  
o f  l a b o r a t o r y  m y c e l i u m  ( s e e  C h a p t e r  6 ( 6 . 4 ) ) .  I t  i s ,  
t h e r e f o r e ,  u n l i k e l y  t h a t  m o l e c u l a r  m e t h o d s  c o u l d  b e  
a p p l i c a b l e  t o  i d e n t i f i c a t i o n  o f  n o n - i s o l a t e d  S . 
l a c r y m a n s  u n t i l  t h e  f u l l  e x t e n t  o f  t h e  v a r i a b i l i t y  o f  
p r o t e i n  a n d  a n t i g e n i c  p r o f i l e s  o f  d i f f e r e n t  
m o r p h o l o g i c a l  f o r m s  o f  S .  l a c r v m a n s  g r o w n  i n  t h e  f i e l d  
i s  u n d e r s t o o d .
T h e  s p e c i f i c  o b j e c t i v e s  o f  w o r k  i n  t h i s  c h a p t e r  w e r e
1 .  T o  i n v e s t i g a t e  v a r i a t i o n  i n  S D S - P A G E / s i l v e r  s t a i n  
p r o f i l e s  o f  S . l a c r v m a n s  i n  f i e l d  m y c e l i u m ,  
b a s i d i o c a r p ,  s t r a n d  a n d  i n f e c t e d  w o o d .
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2 .  T o  i n v e s t i g a t e  v a r i a t i o n  i n  t h e  a n t i g e n i c  p r o f i l e  
o f  f i e l d  m a t e r i a l  o f  S .  l a c r v m a n s .
3 .  T o  a t t e m p t  t o  d e l i n e a t e  a  m o l e c u l a r  p r o f i l e  w h i c h  
i s  u n i q u e  t o  e a c h  m o r p h o l o g i c a l  f o r m .
4 .  T o  d e t e c t  a n y  a n t i g e n s  w h i c h  a r e  a s s o c i a t e d  w i t h  
c e r t a i n  s t a g e s  o f  e a c h  g r o w t h  p h a s e .
8 . 2  S D S - P A G E / s i l v e r  s t a i n  a n a l y s i s  o f  f i e l d  m a t e r i a l  o f  S .  
l a c r v m a n s .
A n a l y s i s  o f  m y c e l i u m ,  b a s i d i o c a r p ,  s t r a n d  a n d  i n f e c t e d  
w o o d  w a s  u n d e r t a k e n  i n  o r d e r  t o  c o m p a r e  t h e  p r o t e i n  
p r o f i l e s  o f  d i f f e r e n t  m o r p h o l o g i c a l  f o r m s  o f  f i e l d  S . 
l a c r v m a n s  ( F i g u r e  4 6 ) .  T h e  r e s u l t s  i n d i c a t e ,  f i r s t l y ,  
t h e  p a u c i t y  o f  p r o t e i n s  i n  s t r a n d  ( t r a c k s  1 1  a n d  1 2 )  a n d  
i n f e c t e d  w o o d  ( t r a c k s  1 3  a n d  1 4 ) ;  s e c o n d l y ,  t h e  
s i m i l a r i t y  i n  p a t t e r n  b e t w e e n  f i e l d  m y c e l i u m  ( t r a c k s  6  -
8 )  a n d  b a s i d i o c a r p  ( t r a c k s  9 a n d  1 0 ) ;  a n d ,  f i n a l l y ,  t h e  
c o m m o n  a n d  d i f f e r e n t  b a n d s  i n  a  c o m p a r i s o n  b e t w e e n  
l a b o r a t o r y  m a t e r i a l  ( t r a c k s  2 - 5 )  a n d  f i e l d  m y c e l i u m  
a n d  b a s i d i o c a r p  ( t r a c k s  6 -  1 0 ) .
A n a l y s i s  o f  t h e  v a r i a t i o n  i n  p r o f i l e  w i t h i n  a  
m o r p h o l o g i c a l  f o r m  w a s  u n d e r t a k e n  ( F i g u r e  4 7 )  a n d  
i n d i c a t e d ,  f i r s t l y ,  t h a t  f i e l d  m y c e l i a l  s a m p l e s  
i l l u s t r a t e  a  r a n g e  i n  t h e  n u m b e r s  o f  p r o t e i n s  d e t e c t e d ,
e . g .  c o m p a r e  t h o s e  w i t h  > 5 5  b a n d s ,  t r a c k s  7 ,  8  a n d  1 1 ,  
w i t h  t h o s e  w h i c h  h a v e  < 2 0  b a n d s ,  t r a c k s  6 ,  9 ,  1 0  a n d  1 6 .  
A d d i t i o n a l l y ,  t h e r e  a r e  c o m m o n  p r o t e i n s  i n  m o s t  m y c e l i a l  
s a m p l e s ,  e . g .  t h o s e  a t  4 5  k D a ,  4 2  k D a ,  3 0  k D a ,  2 4 . 5  k D a  
a n d  t h o s e  b e t w e e n  1 4 . 5  -  1 7 . 5  k D a ;  a n d  s o m e  s a m p l e s ,  
e . g .  t r a c k s  7 ,  8 a n d  1 1 ,  h a v e  g r e a t  s i m i l a r i t y  t o
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Figure 4 6 : SDS-PAGE/silver s ta in  a n a ly sis  of f i e ld  m ateria l
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o f  S .  l a c r y m a n s .
1  a n d  1 6  r e s p e c t i v e l y  r e p r e s e n t  h i g h  a n d  l o w  
m o l e c u l a r  w e i g h t  s t a n d a r d  p r o t e i n s .
2  a n d  1 5  r e p r e s e n t  s t a n d a r d  m y c e l i u m  o f  S .  l a c r y m a n s  
F P R L  1 2 C .
3  a n d  4  r e s p e c t i v e l y  r e p r e s e n t  S . l a c r y m a n s  F P R L  1 2 C  
i n  p i n e  a n d  l i m e  s a p w o o d  o f  1 9 . 2 8 %  a n d  2 3 . 2 7 %  w e i g h t  
l o s s .
5  r e p r e s e n t s  y o u n g  m y c e l i u m  o f  S .  l a c r y m a n s  F P R L  1 2 C .  
6 - 8  r e p r e s e n t  f i e l d  m y c e l i u m  o f  S .  l a c r y m a n s .
9  a n d  1 0  r e p r e s e n t  f i e l d  b a s i d i o c a r p  o f  S .  l a c r y m a n s . 
1 1  a n d  1 2  r e p r e s e n t  f i e l d  s t r a n d  o f  S .  l a c r y m a n s .
1 3  a n d  1 4  r e p r e s e n t  w o o d  i n f e c t e d  w i t h  S . l a c r y m a n s .
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Figure 47 : SDS-PAGE/silver s ta in  a n a ly s is  of f i e ld  mycelium
o f  S .  l a c r y m a n s .
T r a c k s  1  a n d  1 7  r e p r e s e n t  h i g h  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k s  2  a n d  1 8  r e p r e s e n t  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k  3  r e p r e s e n t s  S .  l a c r y m a n s  F P R L  1 2 C  s t a n d a r d  m y c e l i u m .  
T r a c k s  4 - 1 6  r e p r e s e n t  m y c e l i u m  f r o m  s i t e  A  ( t r a c k s  4 ,  7  -  
1 6 ) ;  s i t e  C  ( 5 )  a n d  s i t e  D  ( 6 ) .
M a t e r i a l  d i a g n o s e d  o n  c o l l e c t i o n  a s  ' f r e s h '  i s  r e p r e s e n t e d  
i n  t r a c k s  4 - 8  a n d  1 1  -  1 5 ;  a n d  a s  ' d e s i c c a t e d '  i n  
t r a c k s  6 ,  9 ,  1 0  a n d  1 6 .
. rep resen ts common p r o te in s .
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s t a n d a r d  m y c e l i u m  o f  S .  l a c r y m a n s  F P R L  1 2 C  ( t r a c k  3 )  a n d  
t o  e a c h  o t h e r .  A n a l y s i s  o f  b a s i d i o c a r p  s a m p l e s  ( n o t  
s h o w n )  p r o d u c e d  s i m i l a r  r e s u l t s .  T h e  p r o t e i n  s i m i l a r i t y  
i n d i c e s  f o r  f i e l d  m o r p h o l o g i c a l  f o r m s  o f  S .  l a c r y m a n s  
( T a b l e  2 0 )  e m p h a s i s e  t h e  s i m i l a r i t y  o f  c e r t a i n  s a m p l e s  
o f  f i e l d  m y c e l i u m  a n d  b a s i d i o c a r p  t o  s t a n d a r d  m y c e l i u m  
o f  s .  l a c r y m a n s . T a b l e  2 0  a l s o  i n d i c a t e s  t h a t  s i m i l a r i t y  
i n d i c e s  a r e  u n s u i t a b l e  f o r  c o m p a r i s o n  o f  a l l  s t r a n d  a n d  
i n f e c t e d  w o o d  s a m p l e s ,  a n d  s o m e  m y c e l i a l  a n d  b a s i d i o c a r p  
s a m p l e s .
8 . 3  W e s t e r n  b l o t  a n a l y s i s  o f  f i e l d  m a t e r i a l  o f  S .  l a c r y m a n s .
T h e  a n t i g e n i c  p r o f i l e s  o f  s o m e  o f  t h e  f i e l d  s a m p l e s  a r e  
s h o w n  i n  F i g u r e s  4 8  ( m y c e l i u m ) , 4 9  ( b a s i d i o c a r p ) , 5 0  
( s t r a n d )  a n d  5 1  ( w o o d ) . W h i l s t  t h e r e  a r e  m a n y  
d i f f e r e n c e s  b e t w e e n  s a m p l e s  t h e r e  a r e  a l s o  s o m e  o b v i o u s  
s i m i l a r i t i e s  b e t w e e n  s t a n d a r d  m y c e l i u m  o f  S . l a c r y m a n s  
F P R L  1 2 C  a n d  t h e  d i f f e r e n t  m o r p h o l o g i c a l  f o r m s ,  e . g .  
a n t i g e n s  7  a n d  1 1  a r e  p r o b a b l y  r e p r e s e n t e d  i n  s o m e  
s a m p l e s  o f  a l l  m o r p h o l o g i c a l  f o r m s .  T h e s e  i m p r e s s i o n s  
w e r e  c o n f i r m e d  b y  F i g u r e  5 2  w h i c h  c o m p a r e s  f i e l d  
m y c e l i u m  ( t r a c k s  6 - 8 ) ,  b a s i d i o c a r p  ( t r a c k s  9 a n d  1 0 )  
a n d  s t r a n d  ( t r a c k s  1 1  -  1 3 )  w i t h  s t a n d a r d  m y c e l i u m  o f  S . 
l a c r v m a n s  F P R L  1 2 C  ( t r a c k s  1  a n d  1 5 ) .  F i g u r e  5 2  a l s o  
i n d i c a t e s  t h a t  t h e  d i f f e r e n t  m o r p h o l o g i c a l  f o r m s  h a v e  n o  
g r e a t e r  r e s e m b l a n c e  t o  e i t h e r  y o u n g  a n d  a g e d  m y c e l i u m  o f
S . l a c r v m a n s  F P R L  1 2 C  ( t r a c k s  5  a n d  1 4  r e s p e c t i v e l y )  o r  
t o  t h e  o r g a n i s m  i n  p i n e  a n d  l i m e  s a p w o o d  ( t r a c k s  3 a n d  4 
r e s p e c t i v e l y ) .
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T a b l e  2 0 : p r o t e i n  s i m i l a r i t y  i n d i c e s  f o r  S .  l a c r y m a n s  f i e l d  
m o r p h o l o g i c a l  f o r m s  w i t h  r e f e r e n c e  t o  S . 
l a c r y m a n s  F P R L  1 2 C s t a n d a r d  m y c e l i u m .
Morphological 
form of f ie ld  
S . lacrymans
S im ila rity  index Number of samples
analysed by SDS-PAGE
Mycelium 55 - 95 (26) 49
Basidiocarp 66 - 92 ( 6) 29
Strand * 9
Wood ■k 20
* indicates too few molecular species for a n a ly sis .
( ) Indicates number of samples in range.
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Figure 48 : Western b lo t a n a ly sis  of f i e ld  m ycelia l samples
o f  S .  l a c r v m a n s .
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T r a c k s  1 ,  2  a n d  5 2  r e p r e s e n t  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k  5 1  r e p r e s e n t s  s t a n d a r d  m y c e l i u m  o f  S .  1 a e r y m a n s  F P R L  
1 2 C .
T r a c k s  3 - 5 0  r e p r e s e n t  f i e l d  s a m p l e s  f r o m  s i t e s  A  -  E .  
S i t e  A -  t r a c k s  3  -  1 4 ,  2 5  -  4 7  a n d  5 0 .
S i t e  B -  t r a c k s  1 7  -  2 1  a n d  2 3 .
S i t e  C -  t r a c k s  4 8  a n d  4 9 .
S i t e  D -  t r a c k s  1 6  a n d  2 2 .
S i t e  E -  t r a c k s  1 5  a n d  2 4 .
. rep resen ts antigens 7 and 11.
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Figure 49: A nalysis of the a n tig en ic  p r o f i le  of basid iocarp
o f  S .  l a c r y m a n s  c o l l e c t e d  f r o m  t h r e e  d i f f e r e n t  
s i t e s  i n  S c o t l a n d .
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T r a c k s  1  a n d  1 8  r e p r e s e n t  l o w  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k  1 7  r e p r e s e n t s  s t a n d a r d  m y c e l i u m  o f  S .  l a c r y m a n s  F P R L  
1 2 C .
T r a c k  1 6  r e p r e s e n t s  a g e d  m y c e l i u m  o f  S .  l a c r y m a n s  F P R L  1 2 C .
T r a c k s  2 - 1 5  r e p r e s e n t  f i e l d  b a s i d i o c a r p  o f  S .  l a c r y m a n s
f r o m  3  s i t e s :  t r a c k  2  f r o m  s i t e  C ,  t r a c k s  3 - 9  f r o m  
s i t e  B  a n d  t r a c k s  1 0  -  1 5  f r o m  s i t e  A .
. rep resen ts antigens 7 and 11.
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F i g u r e  5 0 : A n a l y s i s  o f  t h e  a n t i g e n i c  p r o f i l e  o f  S .  l a c r v m a n s  
s t r a n d  c o l l e c t e d  f r o m  s i t e s  i n  S c o t l a n d  a n d  
G e r m a n y .






T r a c k s  1  a n d  1 6  r e p r e s e n t  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k s  2  a n d  1 5  r e p r e s e n t  s t a n d a r d  m y c e l i u m  o f  S .  1 a e r y m a n s  
F P R L  1 2 C .
T r a c k s  3  a n d  1 4  r e p r e s e n t  a g e d  m y c e l i u m  o f  S .  l a c r y m a n s  F P R L  
1 2 C .
T r a c k s  4 - 1 3  r e p r e s e n t  S . l a c r y m a n s  f i e l d  s t r a n d  s a m p l e s .  
S a m p l e s  c o l l e c t e d  i n  S c o t l a n d  a r e  t h o s e  i n  t r a c k s  4 ,
5 ,  7 ,  1 2  a n d  1 3  ( s i t e  A )  a n d  t r a c k s  1 0  a n d  1 1  ( s i t e  
B ) . S a m p l e s  c o l l e c t e d  f r o m  s i t e s  i n  G e r m a n y  a r e  t h o s e  
i n  t r a c k s  6  a n d  8  ( s i t e  E )  a n d  t r a c k  9  ( s i t e  D ) .
. rep resen ts antigen s 7 and 11.
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F i g u r e  5 1 ; A n a l y s i s  o f  t h e  a n t i g e n i c  p r o f i l e  o f  w o o d  
i n f e c t e d  w i t h  S .  l a c r y m a n s  c o l l e c t e d  f r o m  
d i f f e r e n t  s i t e s  i n  S c o t l a n d  a n d  G e r m a n y .
T r a c k s  1  a n d  1 6  r e p r e s e n t  m o l e c u l a r  w e i g h t  s t a n d a r d  
p r o t e i n s .
T r a c k  1 5  r e p r e s e n t s  s t a n d a r d  m y c e l i u m  o f  S .  l a c r y m a n s  F P R L  
1 2 C .
T r a c k s  2 - 1 4  r e p r e s e n t  i n f e c t e d  w o o d  c o l l e c t e d  f r o m  f i e l d  
s i t e s .  T r a c k  9  f r o m  s i t e  D  i n  G e r m a n y ,  w i t h  a l l  o t h e r  
s a m p l e s  c o l l e c t e d  i n  S c o t l a n d ,  v i z  t r a c k s  2 ,  5 ,  7  a n d
1 0  f r o m  s i t e  A ;  t r a c k s  6 ,  1 2 - 1 4  f r o m  s i t e  B ;  t r a c k  
8  f r o m  s i t e  C ;  t r a c k s  3  a n d  4  f r o m  s i t e  I ;  a n d  t r a c k
1 1  f r o m  s i t e  J .
. rep resen ts antigens 7 and 11.
F i g u r e  5 2 : T h e  c o m p a r i s o n  o f  t h e  a n t i g e n i c  p r o f i l e s  o f  f i e l d  
m o r p h o l o g i c a l  f o r m s  o f  S .  l a c r y m a n s  w i t h  
l a b o r a t o r y  m o r p h o l o g i c a l  f o r m s  o f  S . l a c r y m a n s  
F P R L  1 2 C .
T r a c k s  1  a n d  1 6  r e s p e c t i v e l y  r e p r e s e n t  h i g h  a n d  l o w  
m o l e c u l a r  w e i g h t  s t a n d a r d  p r o t e i n s .
T r a c k s  2  a n d  1 5  r e p r e s e n t  s t a n d a r d  m y c e l i u m  o f  S .  l a c r y m a n s  
F P R L  1 2 C .
T r a c k  3  r e p r e s e n t s  S .  l a c r y m a n s  F P R L  1 2 C  i n  p i n e  s a p w o o d  o f  
1 9 . 2 8 %  w e i g h t  l o s s .
T r a c k  4  r e p r e s e n t s  S .  l a c r y m a n s  F P R L  1 2 C  i n  l i m e  s a p w o o d  o f  
2 3 . 2 7 %  w e i g h t  l o s s .
T r a c k  5  r e p r e s e n t s  y o u n g  m y c e l i u m  o f  S .  l a c r y m a n s  F P R L  1 2 C .  
T r a c k  1 4  r e p r e s e n t s  a g e d  m y c e l i u m  o f  S .  l a c r y m a n s  F P R L  1 2 C .  
T r a c k s  6 - 8  r e p r e s e n t  f i e l d  m y c e l i u m  o f  S .  l a c r y m a n s  f r o m  
s i t e  C  ( t r a c k s  6  a n d  7 )  a n d  s i t e  A  ( t r a c k  8 ) .
T r a c k s  9  a n d  1 0  r e p r e s e n t  f i e l d  b a s i d i o c a r p  o f  S .  l a c r y m a n s  
f r o m  s i t e  C .
T r a c k s  1 1  -  1 3  r e p r e s e n t  f i e l d  s t r a n d  o f  S .  l a c r y m a n s  f r o m  
s i t e  A  ( t r a c k s  1 1  a n d  1 2 )  a n d  s i t e  B  ( t r a c k  1 3 ) .
. rep resen ts antigens 7 and 11.
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I n  a l l  m o r p h o l o g i c a l  f o r m s  t h e  a n t i g e n i c  s p e c i e s  a r e  
r e p r e s e n t e d  a s  d i f f u s e  b a n d s ,  w i t h  t h e  e x c e p t i o n  o f  a  
f e w  w e l l  d e f i n e d  m o l e c u l a r  s p e c i e s  i n  s o m e  s a m p l e s  o f  
m y c e l i u m  ( F i g u r e  5 2 ,  t r a c k s  6 - 8 )  a n d  b a s i d i o c a r p  
( F i g u r e  4 9 ,  t r a c k s  2 a n d  1 2 ) .  A n t i g e n s  6 ,  9 a n d  1 0  a r e  
n o t a b l y  a b s e n t  f r o m  f i e l d  w o o d  w h i c h  i s  i n f e c t e d  w i t h  S . 
l a c r y m a n s , e . g .  F i g u r e  5 1 ,  t r a c k s  1 3  -  1 5 ,  a n d  i n d i c a t e s  
t h a t  d i f f e r e n c e s  i n  a n t i g e n i c  n a t u r e  a r e  t o  b e  e x p e c t e d  
b e t w e e n  S . l a c r y m a n s  g r o w n  i n  w o o d  i n  t h e  f i e l d  
s i t u a t i o n  a n d  t h e  s a m e  o r g a n i s m  w h e n  i t  i s  c u l t u r e d  i n  
e i t h e r  p i n e  o r  l i m e  s a p w o o d  ( F i g u r e  5 2 ,  t r a c k s  3 a n d  4 ) .
A l l  s a m p l e s  w i t h i n  a  m o r p h o l o g i c a l  f o r m  i l l u s t r a t e  a  
r a n g e  i n  t h e  n u m b e r s  o f  a n t i g e n i c  s p e c i e s  d e t e c t a b l e ,  
e . g .  c o m p a r e  e i t h e r  F i g u r e  4 8 ,  t r a c k s  3 - 8  w i t h  t r a c k s  
3 9  -  5 0 ;  o r  F i g u r e  4 9 ,  t r a c k  8 w i t h  t r a c k  3 .  P o t e n t i a l  
c a u s e s  o f  v a r i a t i o n  i n  t h e  n u m b e r s  o f  a n t i g e n s  d e t e c t e d  
i n  a  s a m p l e  i n c l u d e  i t s  s i t e  o f  c o l l e c t i o n ,  i t s  
f r e s h n e s s  u p o n  c o l l e c t i o n  o r  t h e  s u r f a c e  f r o m  w h i c h  i t  
w a s  c o l l e c t e d .  T h a t  t h e  s i t e  o f  c o l l e c t i o n  i s  n o t  
d i r e c t l y  r e l a t e d  t o  t h e  n u m b e r  o f  a n t i g e n s  w a s  
d e m o n s t r a t e d  f o r  e a c h  m o r p h o l o g i c a l  f o r m ,  e . g .  c o m p a r e  
f i e l d  m y c e l i u m  ( F i g u r e  4 8 )  f r o m  s i t e  A  ( t r a c k s  4 6  a n d  
4 7 ,  2 8  a n t i g e n s )  a n d  s i t e  C ( t r a c k  4 2 ,  2 8  a n t i g e n s ) ;  o r  
b a s i d i o c a r p  ( F i g u r e  4 9 )  f r o m  s i t e  B ( t r a c k s  3 a n d  8 ) .
H o w e v e r ,  a  d i r e c t l y  p r o p o r t i o n a l  r e l a t i o n s h i p  w a s  
o b s e r v e d  b e t w e e n  t h e  f r e s h n e s s  o f  t h e  f i e l d  s a m p l e  u p o n  
c o l l e c t i o n  f o r  a n a l y s i s  a n d  t h e  n u m b e r  o f  a n t i g e n s  
s u b s e q u e n t l y  d e t e c t e d ,  e . g .  f r e s h  f i e l d  m y c e l i u m  ( 5  
s a m p l e s )  d i s p l a y e d  a n  a v e r a g e  o f  2 5  a n t i g e n i c  b a n d s  p e r  
s a m p l e  i n  c o n t r a s t  t o  d e s i c c a t e d  m y c e l i u m  ( 5  s a m p l e s )  
w h i c h  d i s p l a y e d  a n  a v e r a g e  o f  4 b a n d s  p e r  s a m p l e  ( d a t a
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n o t  s h o w n ) . A d d i t i o n a l l y ,  a l l  m y c e l i a l  s a m p l e s  ( F i g u r e  
4 8 )  w h i c h  h a d  b e e n  d i a g n o s e d  a s  f r e s h  ( t r a c k s  2 5  -  5 0 )  
c o n t a i n e d  1 1  -  2 8  a n t i g e n s  w h e r e a s ,  w i t h  o n e  e x c e p t i o n  
( t r a c k  2 4 ) ,  a l l  d e s i c c a t e d  s a m p l e s  h a d  0 - 6  a n t i g e n s  
( t r a c k s  3 -  2 3 ) .  T h e  p a t t e r n  o f  t h e s e  r e s u l t s  w a s  
m i r r o r e d  i n  c o m p a r i s o n s  b e t w e e n  f r e s h  a n d  d e s i c c a t e d  
b a s i d i o c a r p  o r  s t r a n d  m a t e r i a l .  T h a t  t h e  s u r f a c e  f r o m  
w h i c h  t h e  s a m p l e  w a s  c o l l e c t e d  i s  n o t  d i r e c t l y  r e l a t e d  
t o  t h e  n u m b e r s  o f  a n t i g e n s  d e t e c t e d  w a s  i l l u s t r a t e d  b y  
t h e  m y c e l i a l  s a m p l e s  s i n c e  f r e s h  a n d  d e s i c c a t e d  s a m p l e s  
w e r e  e a c h  c o l l e c t e d  f r o m  p l a s t e r ,  b r i c k ,  s o f t w o o d ,  s t o n e  
a n d  c a r p e t .
T h e  a n t i g e n i c  p e r c e n t a g e  s i m i l a r i t y  o f  a l l  s a m p l e s  t o  
s t a n d a r d  m y c e l i u m  o f  S .  l a c r y m a n s  F P R L  1 2 C  w a s  
c a l c u l a t e d  a n d  t h e  a n t i g e n i c  s i m i l a r i t y  i n d i c e s  f o r  t h e  
4 m o r p h o l o g i c a l  f o r m s  a r e  s h o w n  i n  T a b l e  2 1  w h i c h  
c o n f i r m s  t h e  d i f f e r e n c e s  t o  s t a n d a r d  m y c e l i u m  o f  S . 
l a c r y m a n s  F P R L  1 2 C  o f  m o s t  s a m p l e s  o f  a l l  m o r p h o l o g i c a l  
f o r m s  a n d  i n d i c a t e s  t h a t  v a r i a b i l i t y  i n  b a s i d i o c a r p  i s  
g r e a t e r  t h a n  v a r i a b i l i t y  i n  m y c e l i u m ,  s t r a n d  o r  w o o d .  N o  
f i e l d  m y c e l i a l  s a m p l e s  w e r e  a s  a n t i g e n i c a l l y  s i m i l a r  t o  
S . l a c r y m a n s  F P R L  1 2 C  a s  b o n a  f i d e  m y c e l i a l  i s o l a t e s  o f  
t h e  o r g a n i s m  ( F i g u r e  1 3 ) .
A n  i n v e s t i g a t i o n  o f  t h e  a n t i g e n i c  v a r i a b i l i t y  w i t h i n  a  
m o r p h o l o g i c a l  f o r m  i n v o l v e d  a n a l y s i s  o f  s a m p l e s  f r o m  
c r o s s  s e c t i o n s  o f  f r e s h  m y c e l i a l  f l u s h  a n d  d e s i c c a t e d  
b a s i d i o c a r p ;  n o  c h a n g e  i n  a n t i g e n i c  p r o f i l e  w a s  
i n d i c a t e d  a c r o s s  e i t h e r  m o r p h o l o g i c a l  f o r m  ( r e s u l t s  n o t  
s h o w n ) . H o w e v e r ,  c h a n g e s  i n  r e p r e s e n t a t i v e  a n t i g e n s  w e r e  
o b s e r v e d  a m o n g s t  s a m p l e s  f r o m  s e p a r a t e  m y c e l i a l  g r o w t h s  
o f  f r e s h  f i e l d  m y c e l i u m  ( F i g u r e  5 3 ) .  Y o u n g  f i e l d
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T a b l e  2 1 : A n t i g e n i c  s i m i l a r i t y  i n d i c e s  o f  S ♦ l a c r v m a n s  f i e l d  
s a m p l e s  w i t h  r e f e r e n c e  t o  s t a n d a r d  m y c e l i u m  o f  S . 
l a c r v m a n s  F P R L  1 2 C .
Morphological form S im ila rity  index Total mumber of
of f ie ld  samples analysed
S . lacrvmans
Mycelium 56 - 79 (26) 49
Basidiocarp 37 - 90 (15) 29
Strand 55 - 85 ( 6) 9
Wood 56 - 62 ( 3) 20
( ) indicates number of samples in range.
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F i g u r e  5 3 :  A n a l y s i s  o f  t h e  a n t i g e n i c  v a r i a t i o n  w i t h i n  f r e s h  
f i e l d  m y c e l i u m  o f  S . l a c r y m a n s  c o l l e c t e d  f r o m  3  
s i t e s  i n  S c o t l a n d .
T r a c k  1 3  r e p r e s e n t s  s t a n d a r d  m y c e l i u m  o f  S .  l a c r y m a n s  F P R L  
1 2 C .
T r a c k  1 2  r e p r e s e n t s  y o u n g  m y c e l i u m  o f  S . l a c r y m a n s  F P R L  1 2 C .
T r a c k s  1 0  a n d  1 1  r e p r e s e n t  S .  l a c r y m a n s  F P R L  1 2 C  g r o w n  i n  
l i m e  ( 2 3 . 2 7 %  w e i g h t  l o s s )  a n d  p i n e  ( 1 9 . 2 8 %  w e i g h t  
l o s s )  s a p w o o d  r e s p e c t i v e l y .
T r a c k s  1 - 3 ,  5 - 7  r e p r e s e n t  c o m p o s i t e  a n d  t r a c k s  8  a n d  9  
r e p r e s e n t  y o u n g  m y c e l i u m  f r o m  s i t e  A .
T r a c k  4  r e p r e s e n t s  c o m p o s i t e  m y c e l i u m  f r o m  s i t e  C .
o  r e p r e s e n t s  a n t i g e n s  6 ,  9  a n d  1 0 .  
.  "  a n t i g e n  1 0 . 5 .
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m y c e l i u m  ( t r a c k s  8  a n d  9 )  h a s  s i m i l a r i t i e s  t o  y o u n g  
( t r a c k  1 2 ) ,  w o o d  g r o w n  ( t r a c k s  1 0  a n d  1 1 )  a n d  s t a n d a r d  
( t r a c k  1 3 )  S .  l a c r y m a n s  F P R L  1 2 C ,  e . g .  p o s s e s s i o n  o f  
a n t i g e n s  6 ,  9 a n d  1 0 ;  a n d  l a c k  o f  a n t i g e n  1 .  H o w e v e r ,  
c o m p o s i t e  f i e l d  m y c e l i u m  ( t r a c k s  1 - 7 )  r e s e m b l e s  
s t a n d a r d  S .  l a c r y m a n s  F P R L  1 2 C  m y c e l i u m  o n l y .  A n  a n t i g e n  
w h i c h  w a s  n o v e l  t o  m y c e l i u m  ( a n t i g e n  1 0 . 5 )  w a s  o b s e r v e d  
i n  c e r t a i n  s a m p l e s  o f  f r e s h  f i e l d  m y c e l i u m ,  e . g .  y o u n g  
m y c e l i u m  ( t r a c k s  8  a n d  9 )  a n d  c o m p o s i t e  m y c e l i u m  ( t r a c k  
7 o n l y ) .
T h e  d i a g n o s t i c  a n t i g e n i c  p r o f i l e  ( C h a p t e r  2 ,  1 2 . 2 . 3 )  w a s  
u s e d  f o r  c o m p a r i s o n  b e t w e e n  m o r p h o l o g i c a l  f o r m s  ( T a b l e  
2 2 ) .  S .  l a c r y m a n s  F P R L  1 2 C  s t a n d a r d  m y c e l i u m  h a d  1 3  
d i a g n o s t i c  a n t i g e n s  ( s e e  a l s o  F i g u r e  1 2 )  w h i l s t  f i e l d  
m y c e l i u m ,  b a s i d i o c a r p  a n d  s t r a n d  h a d  1 8 ,  1 2  a n d  1 0  
d i a g n o s t i c  a n t i g e n s  r e s p e c t i v e l y .  R e p r e s e n t a t i v e  t r a c k s  
u s e d  t o  d e r i v e  t h e  a p p r o p r i a t e  d i a g n o s t i c  a n t i g e n i c  
p r o f i l e  o f  e a c h  m o r p h o l o g i c a l  f o r m  a r e  s h o w n  i n  F i g u r e  
5 4 .  O n l y  f o u r  d i a g n o s t i c  a n t i g e n s ,  e . g .  1 ,  3 ,  7  a n d  1 4 ,  
a r e  c o m m o n  t o  S . l a c r y m a n s  F P R L  1 2 C  s t a n d a r d  m y c e l i u m  
a n d  t h e  t h r e e  m o r p h o l o g i c a l  f o r m s  o f  t h e  o r g a n i s m  ( T a b l e  
2 2 ) ;  a n d  o n l y  o n e  o t h e r  a n t i g e n ,  3 . 5 ,  i s  c o m m o n  t o  a l l  
t h r e e  f i e l d  m o r p h o l o g i c a l  f o r m s .  A d d i t i o n a l l y ,  a n  
a p p a r e n t  a l t e r a t i o n  i n  t h e  n a t u r e  o f  t w o  a n t i g e n i c  
s p e c i e s  i s  d e m o n s t r a t e d  b y  a n t i g e n s  9 a n d  1 0  w h i c h  c a n  
b e  r e p r e s e n t e d  a s  t w o  s h a r p l y  d e f i n e d  b a n d s  i n  s t a n d a r d  
a n d  f i e l d  m y c e l i u m  b u t  w h i c h  f e a t u r e  a s  o n e  d i f f u s e  
a n t i g e n i c  s p e c i e s ,  s u b s e q u e n t l y  r e f e r r e d  t o  a s  a n t i g e n  
9 / 1 0 ,  i n  b a s i d i o c a r p  a n d  s t r a n d  ( F i g u r e  5 4 ) .
A n  i n v e s t i g a t i o n  i n t o  t h e  d i s t r i b u t i o n  a n d  p e r s i s t e n c e  
o f  i n d i v i d u a l  d i a g n o s t i c  a n t i g e n s  i n  s a m p l e s  w a s
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T ab le  2 2 : The d ia g n o s t i c  a n t ig e n ic  p r o f i l e  o f  m o r p h o lo g ic a l
f o r m s  o f  S. l a c r y m a n s .
M o r p h o l o g i c a l  fo r m  o f  S .  l a c r y m a n s
FPRL 12 C  F i e l d  F i e l d  F i e l d
A n t i g e n i c  A p p r o x . s t a n d a r d  m y c e l i u m  b ' i o c a r p  s t r a n d
r e g i o n  MW (k D a ) m y c e l i u m
1 180
2 160
3 1 1 6
3 . 2 5 10 5
3 . 5 98
4 9 7 . 5
4 . 2 5 9 5 . 5
4 . 5 78
5 66
5 . 2 5 6 4 . 5
5 . 5 63
5 . 7 5 5 8 . 5
6 57
7 5 1  -
9 44
10 43
1 1 4 1 . 5
12 33
13 30 -
14 2 3 . 5
1 4 . 5 23
15 2 2 . 5
1 6 . 5 16
19 12
/ / / / /  I I I  I I / / / / / / / / / /
///// /////
///// /////
D i a g n o s t i c  a n t i g e n s  13 18 12  10
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Figure 54: The antigenic p ro files of d ifferent morphological
f o r m s  o f  S .  l a c r y m a n s .
2 3  1 5  6
Track 1 represents standard mycelium of S. lacrymans FPRL 
12C.
Track 2 represents young mycelium of S. lacrymans FPRL 12C. 
Track 3 represents aged mycelium of S. lacrymans FPRL 12C. 
Fresh samples from fie ld  collections of S. lacrymans are 
represented in track 4 (mycelium), track 5 
(basidiocarp) and track 6 (strand).
A n t i g e n s  a r e  r e p r e s e n t e d  t h u s  1 , 3_ e t c .
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u n d e r t a k e n  i n  o r d e r  t o  e l u c i d a t e  t h e  r e l a t i o n s h i p  
b e t w e e n  s a m p l e  f r e s h n e s s  a n d  p o s s e s s i o n  o f  d i a g n o s t i c  
a n t i g e n s  ( T a b l e  2 3 ) .  T h e  r e s u l t s  s h o w ,  f i r s t l y ,  t h a t  
t h e r e  a r e  c e r t a i n  a n t i g e n s  a s s o c i a t e d  w i t h  f r e s h  s a m p l e s  
o f  e a c h  m o r p h o l o g i c a l  t y p e ,  e . g .  b a s i d i o c a r p  i s  
a s s o c i a t e d  w i t h  a n t i g e n s  1, 2, 3, 3 . 2 5 ,  3 . 5 ,  5, 5 . 5 ,
5 . 7 5 ,  7, 9 / 1 0 ,  1 1  a n d  1 4 ;  s e c o n d l y ,  t h a t  p e r s i s t e n t  
a n t i g e n s  c a n  b e  i d e n t i f i e d  b y  t h e i r  a s s o c i a t i o n  w i t h  
d e s i c c a t e d  s a m p l e s ,  e . g .  d e s i c c a t e d  m y c e l i u m  i s  
a s s o c i a t e d  w i t h  a n t i g e n s  1, 3 . 5 ,  5, 7, 13, 1 4  a n d  1 9 ;  
a n d ,  t h i r d l y ,  t h a t  a  p a t t e r n  e x i s t s  w i t h i n  t h e  t h r e e  
m o r p h o l o g i c a l  t y p e s  i n  t h e  d i s t r i b u t i o n  o f  t h e  
d i a g n o s t i c  a n t i g e n s  b e t w e e n  f r e s h  a n d  d e s i c c a t e d  
m a t e r i a l .  F o r  e x a m p l e ,  e l e v e n  d i a g n o s t i c  a n t i g e n s  ( 6 2 % )  
o f  f i e l d  m y c e l i u m  w e r e  f o u n d  o n l y  i n  f r e s h  s a m p l e s  a n d  
s i x  o f  t h e s e  w e r e  r e p r e s e n t e d  o n l y  i n  v e r y  f r e s h  ( > 1 7  
a n t i g e n s )  m y c e l i u m .  H o w e v e r ,  o n l y  f i v e  d i a g n o s t i c  
b a s i d i o c a r p  a n t i g e n s  ( 4 2 % )  a n d  t w o  d i a g n o s t i c  s t r a n d  
a n t i g e n s  ( 2 2 % )  w e r e  f o u n d  e x c l u s i v e l y  i n  t h e  a p p r o p r i a t e  
f r e s h  m a t e r i a l .  T h i r t e e n  p e r s i s t e n t  a n t i g e n s  w e r e  
i d e n t i f i e d  i n  d e s i c c a t e d  s a m p l e s  b u t  t h e i r  o c c u r r e n c e  
v a r i e s  a c c o r d i n g  t o  m o r p h o l o g i c a l  t y p e .  P e r s i s t e n t  
a n t i g e n s  c o m p r i s e  7 8 %  o f  s t r a n d  d i a g n o s t i c  a n t i g e n s ,  5 8 %  
o f  b a s i d i o c a r p  a n t i g e n s  a n d  o n l y  3 8 %  o f  m y c e l i a l  
d i a g n o s t i c  a n t i g e n s .
A n t i g e n s  6, 9 a n d  10, t h o s e  m a j o r  a n t i g e n s  p r e v i o u s l y  
a s s o c i a t e d  w i t h  y o u n g  m y c e l i u m  o f  S . l a c r v m a n s  F P R L  1 2 C  
a r e  r e p r e s e n t e d  i n  v e r y  f r e s h  f i e l d  m y c e l i u m .  H o w e v e r ,  
i t  i s  n o t a b l e  t h a t ,  w h i l s t  a n t i g e n  6 i s  a  c o m p o n e n t  
m o l e c u l a r  s p e c i e s  o f  a l l  f r e s h  s a m p l e s ,  a n t i g e n s  9 a n d  
1 0  a r e  r e s t r i c t e d  t o  s a m p l e s  w i t h  > 1 7  a n t i g e n s  a n d  m a y  
b e  i n d i c a t i v e  o f  v e r y  f r e s h  s a m p l e s .  T h e  m a j o r  a n t i g e n i c
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T a b l e  2 3 : T h e  p o s s e s s i o n  o f  s p e c i f i c  d i a g n o s t i c  a n t i g e n s  i n  
r e l a t i o n  t o  t h e  t o t a l  n u m b e r  o f  a n t i g e n s  o f  s a m p l e s  o f  f i e l d  
m y c e l i u m ,  b a s i d i o c a r p  o r  s t r a n d  o f  S. l a c r y m a n s .
Samples with >10 antigens were considered fresh, those with <10 were
Potential 



























Key: diagnostic antigens of mycelium.i. " " basidiocarp 
" strand.




s p e c i e s  o f  aged  m yceliu m  o f  S . lacrym an s FPRL 12C,
a n t i g e n s  7 a n d  1 1 ,  a r e  r e p r e s e n t e d  i n  f r e s h  f i e l d  
m y c e l i a l  s a m p l e s  b u t  o n l y  a n t i g e n  1 1  i s  c o n f i n e d  t o  
f r e s h  m y c e l i u m .  H o w e v e r ,  t h e s e  a r e  m o r e  p e r s i s t e n t  
a n t i g e n i c  s p e c i e s  w h e n  r e p r e s e n t e d  i n  b a s i d i o c a r p  o r  
s t r a n d .
8 . 4  D i s c u s s i o n .
T h i s  i n v e s t i g a t i o n  i n t o  m o l e c u l a r  s p e c i e s  i n  d i f f e r e n t  
m o r p h o l o g i c a l  f o r m s  o f  f i e l d  c o l l e c t i o n s  o f  S . l a c r y m a n s  
w a s  m a d e  b y  r e f e r e n c e  t o  m a t e r i a l  o b t a i n e d  f r o m  
c o n t r o l l e d  g r o w t h  c o n d i t i o n s ,  v i z  S . l a c r v m a n s  F P R L  1 2 C  
s t a n d a r d  m y c e l i u m ,  w h i c h  i t s e l f  s h o w e d  s o m e  l i m i t e d  
v a r i a b i l i t y  d u e  t o  d i f f e r e n t  m o r p h o l o g i c a l  c o n t e n t .  
A n a l y s i s  o f  f i e l d  m a t e r i a l  r e v e a l e d  f u r t h e r  a n t i g e n i c  
v a r i a t i o n  w i t h i n ,  a n d  b e t w e e n ,  e a c h  m o r p h o l o g i c a l  f o r m  
o f  t h e  o r g a n i s m  a n d  i t  w a s  d e m o n s t r a t e d  f o r  a l l  
m o r p h o l o g i c a l  f o r m s  t h a t  n e i t h e r  s u b s t r a t e  n o r  s i t e  o f  
c o l l e c t i o n  h a d  a n y  e f f e c t  u p o n  a n t i g e n i c  p r o f i l e .
F u r t h e r  a n a l y s i s  o f  f i e l d  m a t e r i a l  w a s  b a s e d  u p o n  s a m p l e  
f r e s h n e s s .  H o w e v e r ,  i t  m u s t  b e  e m p h a s i s e d  t h a t  a n  
a s s e s s m e n t  o f  f r e s h n e s s / d e s i c c a t i o n  i s  v e r y  s u b j e c t i v e  
s i n c e  i t  i s  b a s e d  s o l e l y  o n  e i t h e r  t h e  a p p e a r a n c e  o f  t h e  
s a m p l e  w h e n  c o l l e c t e d  o r  i t s  a s s o c i a t i o n  ( s t r a n d ,  
i n f e c t e d  w o o d )  i n  t h e  f i e l d  w i t h  f r e s h  o r  d e s i c c a t e d  
s a m p l e s  o f  m y c e l i u m .  D e s p i t e  t h i s  s u b j e c t i v i t y  i t  w a s  
f o u n d  t h a t  t h e  n u m b e r s  o f  a n t i g e n s  i n  a  p r o f i l e  h a d  a  
d i r e c t  r e l a t i o n s h i p  t o  t h e  f r e s h n e s s  o f  t h e  s a m p l e  u p o n  
c o l l e c t i o n .  T h e  d e c l i n e  s e e n  i n  a n t i g e n  n u m b e r s  i n  
s a m p l e s  o f  o n e  m o r p h o l o g i c a l  f o r m  c o u l d  e i t h e r  b e  d u e  t o
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b a d  s t o r a g e  p r a c t i c e s  p r i o r  t o  a n a l y s i s  o r  b e  i n d i c a t i v e  
o f  c h a n g e s  a s s o c i a t e d  w i t h  d i f f e r e n t i a t i o n ,  a n d  
c o n c o m i t a n t  a g e i n g ,  w i t h i n  t h a t  m o r p h o l o g i c a l  f o r m .  T h e  
c h a n g e s  o b s e r v e d  i n  t h e  a n t i g e n i c  p r o f i l e  i n  t h e  
p r o g r e s s i o n  f r o m  f r e s h  t o  d e s i c c a t e d  s a m p l e s  o f  f i e l d  
m y c e l i u m  m i g h t  b e  r e l a t e d  t o  c h a n g e s  i n  t h e  n a t u r e  a n d  
f u n c t i o n  o f  e i t h e r  t h e  m y c e l i a l  w a l l  o r  t h e  c y t o p l a s m  
w h i c h  o c c u r  a s  y o u n g  m y c e l i u m  a g e s .  L e v i  &  C o w l i n g  
( 1 9 6 9 )  n o t e d  t h a t  f u n g i  w h o s e  s o l e  n u t r i e n t  s o u r c e  i s  
w o o d  m a y  a u t o l y s e  o l d e r  p a r t s  o f  t h e  m y c e l i u m  a n d  r e ­
u t i l i s e  n i t r o g e n o u s  m a t e r i a l  i n  t h e  y o u n g e r  m y c e l i u m .  I n  
s u p p o r t  o f  t h i s ,  S. l a c r v m a n s  i s  k n o w n  t o  b r e a k  d o w n  
i n t e r c o n n e c t i n g  m y c e l i u m  b e t w e e n  s t r a n d s  a n d  r e c y c l e  t h e  
n i t r o g e n o u s  m a t e r i a l  i n  t h e  g r o w i n g  h y p h a e  ( C o g g i n s ,  
1 9 7 6 ) .  T h i s  p r o c e s s  m a y  r e d u c e  t h e  n u m b e r  o f  a n t i g e n i c  
m o l e c u l a r  s p e c i e s  i n  a g e d  m y c e l i u m  t o  b e l o w  t h e  n u m b e r s  
o f  t h o s e  d e t e c t e d  i n  y o u n g  m y c e l i u m .
A n t i g e n i c  s p e c i e s  r e p r e s e n t e d  i n  d e s i c c a t e d  s a m p l e s  v a r y  
a c c o r d i n g  t o  m o r p h o l o g i c a l  f o r m  a n d  a r e  p o s s i b l y  r e l a t e d  
t o  s t r u c t u r a l  c o m p o n e n t s  a s s o c i a t e d  p a r t i c u l a r l y  w i t h  
o n e  m o r p h o l o g i c a l  f o r m  o f  S . l a c r v m a n s . T h e s e  a n t i g e n s  
p r o b a b l y  r e p r e s e n t  m o l e c u l a r  s p e c i e s  w h i c h  a r e  h i g h l y  
r e s i s t a n t  t o  d e g r a d a t i o n  a n d  t h e i r  p r e s e n c e  i n  a n  
a n t i g e n i c  p r o f i l e  i n  t h e  a b s e n c e  o f  a n y  o t h e r  d i a g n o s t i c  
a n t i g e n s  c o u l d  b e  i n d i c a t i v e  o f  s e n e s c e n c e  a n d ,  
t h e r e f o r e ,  n o n - v i a b i l i t y .  I d e n t i f i c a t i o n  o f  a n t i g e n s  
a s s o c i a t e d  w i t h  s e n e s c e n c e  m i g h t  a i d  i n  t h e  
d e t e r m i n a t i o n  o f  t h e  a b i l i t y  o f  f i e l d  s a m p l e s  o f  S . 
l a c r v m a n s  t o  c o n t i n u e  d e g r a d a t i o n  o f  t i m b e r .
S i n c e  t h e  d i a g n o s t i c  a n t i g e n i c  p r o f i l e s  c o n t a i n  s p e c i e s  
w h i c h  a r e  e x c l u s i v e  t o  f r e s h  m a t e r i a l ,  e . g .  t h e  d e f i n e d
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a n t i g e n i c  s p e c i e s  a t  4 3 ,  4 4  a n d  5 7  k D a  w h i c h  a r e  
a s s o c i a t e d  o n l y  w i t h  f r e s h  m y c e l i u m ,  i t  i s  a d d i t i o n a l l y  
p o s s i b l e  t h a t  o t h e r  a n t i g e n i c  s p e c i e s  a s s o c i a t e d  w i t h  
p a r t i c u l a r  s t a g e s  o f  d i f f e r e n t i a t i o n  c o u l d  b e  i d e n t i f i e d  
w i t h i n  e a c h  m o r p h o l o g i c a l  f o r m  o f  S . l a c r y m a n s . T h e  
i d e n t i f i c a t i o n  o f  a n t i g e n s  p a r t i c u l a r l y  a s s o c i a t e d  w i t h  
v i a b l e  d e v e l o p m e n t a l  s t a g e s  o f  S. l a c r y m a n s  a l s o  h a s  t h e  
p o t e n t i a l  t o  d e t e r m i n e  t h e  c a p a b i l i t y  o f  t h e  o r g a n i s m  t o  
c a u s e  i n f e c t i o n .  T h e s e  a n t i g e n i c  s p e c i e s  c o u l d  
a d d i t i o n a l l y  b e  u s e d  t o  d e v e l o p  m o r e  p r e c i s e  t o o l s  f o r  
i n v e s t i g a t i o n  o f  f u n c t i o n s  e x c l u s i v e  t o  v i a b l e  m a t e r i a l  
a n d  c o u l d  p r o v i d e  i n f o r m a t i o n  o n  t h e  p r o c e s s e s  
a s s o c i a t e d  w i t h  m o r p h o g e n e s i s  o f  S. l a c r y m a n s , i . e .  w a l l  
d i f f e r e n t i a t i o n  o r  m a t u r a t i o n  o f  c y t o p l a s m .
S i n c e  t h e  v e g e t a t i v e  m y c e l i a l  t i p  i s  t h e  f o r m  o f  t h e  
f u n g u s  w h i c h  e x p l o r e s  a n d  e x p l o i t s  t h e  s u b s t r a t e  i t  
c o u l d  b e  t h a t  i d e n t i f i c a t i o n  o f  t h o s e  a n t i g e n s  
p a r t i c u l a r l y  a s s o c i a t e d  o n l y  w i t h  f r e s h  m y c e l i u m  m i g h t  
b e  i n d i c a t i v e  o f  t h e  m o r p h o l o g i c a l  p h a s e  o f  t h e  o r g a n i s m  
c a p a b l e  o f  c a u s i n g  s t r u c t u r a l  d a m a g e  t o  t i m b e r .  H o w e v e r ,  
w h i l s t  t h e  m a j o r  a n t i g e n s  a s s o c i a t e d  w i t h  a c t i v e  g r o w t h  
o f  y o u n g  m y c e l i u m  h a v e  b e e n  d e m o n s t r a t e d  i n  a  f e w  
m y c e l i a l  f i e l d  s a m p l e s  t h e y  h a v e  n o t  y e t  b e e n  i d e n t i f i e d  
i n  s a m p l e s  o f  f i e l d  w o o d .  A l t e r n a t i v e l y ,  t h e  o b s e r v a t i o n  
t h a t  s e n e s c e n c e  c a n  a p p a r e n t l y  b e  d e t e c t e d  a n t i g e n i c a l l y  
i n  f i e l d  s a m p l e s  s u g g e s t s  t h a t  n o n - v i a b i l i t y  o f  t h e  
o r g a n i s m  i n  w o o d  m i g h t  b e  d e t e r m i n e d  b y  i d e n t i f i c a t i o n  
o f  a n t i g e n s  a s s o c i a t e d  w i t h  d e s i c c a t e d  s a m p l e s .  H o w e v e r ,  
e l u c i d a t i o n  o f  a  r e l i a b l e  m e t h o d  o f  d e t e r m i n a t i o n  o f  
o r g a n i s m  s t a t u s  w i t h i n  f i e l d  w o o d  r e q u i r e s  f u r t h e r  
i n v e s t i g a t i o n  o f  t h e  a n t i g e n i c  p r o f i l e s  a s s o c i a t e d  w i t h  
i n v a s i o n  a n d  d e c a y  o f  w o o d  b y  5. l a c r y m a n s .
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I n t e r e s t i n g l y ,  t h e  d i a g n o s t i c  a n t i g e n i c  p r o f i l e  o f  
m y c e l i u m  c o n t a i n s  m o r e  s p e c i e s  t h a n  e i t h e r  s t r a n d  o r  
b a s i d i o c a r p .  T h i s  m a y  r e f l e c t  t h e  n a t u r e  o f  t h e  
i m m u n o g e n  a n d / o r  b e  i n d i c a t i v e  o f  a  h i g h e r  l e v e l  o f  
p h y s i o l o g i c a l  a c t i v i t y  i n  t h e  l e a s t  d i f f e r e n t i a t e d  
m o r p h o l o g i c a l  f o r m  o f  S. l a c r y m a n s . I n  s u p p o r t  o f  t h e  
l a t t e r  a r e  c o m p a r i s o n s  b e t w e e n  t w o  m o r p h o l o g i c a l  r e g i o n s  
o f  m y c e l i u m ,  v i z  y o u n g  a n d  a g e d  m y c e l i u m ,  w h e r e  t h e  
f i n d i n g s  o f  P u g h  &  C a w s o n  ( 1 9 7 7 )  c o n f i r m e d  t h a t  t h e  
e n z y m e  c o n t e n t  o f  y o u n g  h y p h a e  o f  A s p e r g i l l u s  a n d  M u c o r  
w a s  g r e a t e s t  a t  t h e  g r o w i n g  t i p s  a n d  t h e  p e r i p h e r a l  
e n z y m e  c o n c e n t r a t i o n  l e s s e n e d  b e h i n d  t h e  g r o w i n g  p o i n t .
A  c o m p a r i s o n  b e t w e e n  t h e  p r o p o r t i o n  o f  p e r s i s t e n t  
a n t i g e n s  i n  f r e s h  s t r a n d  a n d  f r e s h  m y c e l i u m  s u g g e s t s  
t h a t  s t r a n d  m a t e r i a l ,  w i t h  a  h i g h e r  p r o p o r t i o n  o f  
u b i q u i t o u s  p e r s i s t e n t  a n t i g e n s ,  u n d e r g o e s  f e w e r  c h a n g e s  
d u r i n g  m o r p h o g e n e s i s  t h a n  m y c e l i u m .  A  s i m i l a r  c o m p a r i s o n  
b e t w e e n  t h e  p r o p o r t i o n  o f  a n t i g e n s  e x c l u s i v e  t o  f r e s h  
m a t e r i a l  i n d i c a t e s  t h a t  f r e s h  m y c e l i u m  m a y  b e  
p h y s i o l o g i c a l l y  m o r e  a c t i v e  t h a n  e i t h e r  b a s i d i o c a r p  o r  
s t r a n d .
T h i s  d i s c u s s i o n  h a s  s o  f a r  e m p h a s i s e d  t h e  d i f f e r e n c e s  i n  
a n t i g e n i c  p r o f i l e s  r e v e a l e d  b y  t h e  p r e s e n t  a n t i s e r u m  i n  
d i f f e r e n t  m o r p h o l o g i c a l  f o r m s  o f  S. l a c r v m a n s  a n d  t h e  
p o s s i b l e  e x p l o i t a t i o n  o f  t h e s e  d i f f e r e n c e s .  H o w e v e r ,  t h e  
o t h e r  i m p o r t a n t  a s p e c t  o f  t h i s  m e t h o d  o f  a n a l y s i s  m u s t  
b e  t h a t  t h e  p r e s e n t  a n t i s e r u m  h a s  r e v e a l e d  a  
c o n s i d e r a b l e  d e g r e e  o f  s i m i l a r i t y  b e t w e e n  m o r p h o l o g i c a l  
f o r m s  o f  f i e l d  m a t e r i a l ,  e . g .  a n t i g e n s  a t  1 8 0  k D a ,  1 1 6  
k D a ,  9 8  k D a ,  t h e  d i f f u s e  m a j o r  a n t i g e n  b e t w e e n  5 1  - 5 4 . 5
Page - 228
k D a  a n d  b e t w e e n  2 3 . 5  - 2 4 . 5  k D a  a r e  u b i q u i t o u s  t o  t h e  
s t r u c t u r e  o f  f i e l d  g r o w n  S. l a c r y m a n s .
T h e  c o m m o n  a n t i g e n i c  c o m p o n e n t s  m a y  r e p r e s e n t  s i m i l a r  
a n t i g e n i c  s p e c i e s ,  i n  w h i c h  c a s e  t h e y  a r e  u n a f f e c t e d  b y  
d i f f e r e n t i a t i o n ,  o r  t h e y  m a y  r e p r e s e n t  u n r e l a t e d  
m o l e c u l a r  s p e c i e s  w h i c h  s h a r e  c o m m o n  e p i t o p e s  a n d  w h i c h  
m a y  h a v e  b e e n  d e r i v e d  f r o m  m y c e l i a l  a n t i g e n s  d u r i n g  
d i f f e r e n t i a t i o n .  E i t h e r  w a y ,  w o r k  u s i n g  t h e  p r e s e n t  n o n ­
s p e c i f i c  a n t i s e r u m  h a s  i n d i c a t e d  t h a t  t h e  d e v e l o p m e n t  o f  
m o r e  s p e c i f i c  i m m u n o l o g i c a l  r e a g e n t s  c o u l d  h a v e  
p o t e n t i a l  t o  d e t e r m i n e  n o t  o n l y  t h e  p r e s e n c e  o f  a l l  
m o r p h o l o g i c a l  f o r m s  o f  S. l a c r y m a n s  i n  f i e l d  m a t e r i a l  
b u t  a l s o  t o  d e t e r m i n e  w h e t h e r  t h e  s a m p l e  i s  f r e s h ,  a n d  
p o t e n t i a l l y  v i a b l e ,  o r  d e s i c c a t e d ,  a n d  o f  n o  d a n g e r  t o  
t h e  s t r u c t u r a l  i n t e g r i t y  o f  t h e  t i m b e r  i n  w h i c h  i t  i s  
f o u n d .  H o w e v e r ,  m o r e  r e l i a b l e  i n f o r m a t i o n  o n  t h e  
s i m i l a r i t i e s  a n d  d i f f e r e n c e s  b e t w e e n  d i f f e r e n t  
m o r p h o l o g i c a l  f o r m s  a n d  d e v e l o p m e n t a l  s t a g e s  o f  S . 
l a c r y m a n s  r e q u i r e s  t h e  u s e  o f  b e t t e r  d i s c r i m i n a t o r y  
t e c h n i q u e s ,  w h i c h  i n  t h e  c o n t e x t  o f  w o r k  i n  t h i s  t h e s i s  
m i g h t  i n v o l v e  t h e  d e v e l o p m e n t  o f  m o n o c l o n a l  a n t i b o d i e s  
r a i s e d  a g a i n s t  a n t i g e n s  s p e c i f i c  f o r  s p e c i e s  o r  
m o r p h o l o g i c a l  f o r m  o f  S . l a c r v m a n s .
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CHAPTER 9.  GENERAL DISCUSSION.
Page -  230
9 .1  M o lecu la r  a n a l y s i s .
S . l a c r y m a n s  i s  a n  e x t r e m e l y  s u c c e s s f u l  o r g a n i s m  w h i c h  i s  
s u p e r b l y  a d a p t e d  t o  c o l o n i s e  a  n i c h e  i n  a p o t e n t i a l l y  h a r s h  
e n v i r o n m e n t ,  i . e .  d r y  b u i l d i n g  t i m b e r .  I t  t h r i v e s  i n  i l l - l i t  
c a v i t i e s  ( F i g u r e  5 5 a )  t o  w h i c h  i t  h a s  g a i n e d  a c c e s s  b y  
e x p l o i t a t i o n  o f  m i s t a k e s  i n  b u i l d i n g  c o n s t r u c t i o n  a n d / o r  
m a i n t e n a n c e  w h i c h  a l l o w  w o o d  t o  b e  w e t  f o r  l o n g  p e r i o d s  
p r i o r  t o  r e m e d y  o f  t h e  f a u l t .  O n c e  e s t a b l i s h e d  w i t h i n  a  
b u i l d i n g  i t s  p h y s i o l o g i c a l  n a t u r e  e n a b l e s  i t  t o  i n v a d e  a n d  
d e c a y  s u r r o u n d i n g  d r y  w o o d .  S o  s u c c e s s f u l  h a s  b e e n  i t s  
a d a p t a t i o n  t o  t h i s  e n v i r o n m e n t  t h a t  i t  i s  c a p a b l e  o f  c a u s i n g  
t r e m e n d o u s  s t r u c t u r a l  d a m a g e  t o  w o o d  ( F i g u r e s  5 5 a  a n d  5 5 b ) , 
w i t h  d e v a s t a t i n g  e f f e c t s  e c o n o m i c a l l y ,  b e f o r e  i t s  p r e s e n c e  
i s  n o t i c e d .  O b v i o u s l y  t h e  a i m  s h o u l d  b e  t o  d e t e c t  S . 
l a c r y m a n s  a t  t h e  e a r l i e s t  s t a g e  o f  c o l o n i s a t i o n  o f  w o o d ,  a n d  
t o  d e t e r m i n e  t h e  e x t e n t  o f  c o l o n i s a t i o n  b y  s p e e d y  a n d  n o n ­
d e s t r u c t i v e  d e t e c t i o n  m e t h o d s .  H o w e v e r ,  t r a d i t i o n a l  m e t h o d s  
o f  d e t e c t i o n  a n d  s u r v e y  a r e  r e l a t i v e l y  c r u d e  a n d  h a v e  n o t  
f a c i l i t a t e d  t h e  r e a l i s a t i o n  o f  t h e s e  a i m s .
M o r e  s o p h i s t i c a t e d  m e t h o d s  o f  d e t e c t i o n  h a v e  r e c e n t l y  b e c o m e  
p o t e n t i a l l y  a v a i l a b l e  f o r  t h e  d e t e c t i o n  o f  a  s m a l l  b i o m a s s  
o f  S. l a c r v m a n s . S o m e  o f  t h e s e  m e t h o d s  a r e  b a s e d  o n  c h a n g e s  
i n  t h e  p r o p e r t i e s  o f  w o o d  a s  a  r e s u l t  o f  d e c a y ,  e . g .  t h e r m a l  
e m i s s i o n ,  u l t r a - s o u n d  a n d  E d d y  c u r r e n t  ( M a d s e n  &  A d e l h o e j , 
1 9 8 9 ) ,  b u t  o t h e r s  a r e  b a s e d  o n  t h e  d e t e c t i o n  o f  c h e m i c a l s  
f r o m  t h e  d e c a y  o r g a n i s m ,  e . g .  e i t h e r  v o l a t i l e  c h e m i c a l s  o r  
t h e  m o l e c u l e s  c o m p r i s i n g  t h e  o r g a n i s m  i t s e l f .  V o l a t i l e  
c h e m i c a l s  c a n  b e  d e t e c t e d  b y  d o g s  ( M a d s e n  & A d e l h o e j , 1 9 8 9 )  
b u t  t h e r e  a r e  l i m i t a t i o n s  t o  t h e  u s e  o f  d o g s  ( B e c h - A n d e r s e n ,  
1 9 9 1 )  b e c a u s e  i t  h a s  b e e n  f o u n d  t h a t ,  f i r s t l y ,  d o g s  h a v e  
d i f f i c u l t y  d i f f e r e n t i a t i n g  t h e  s m e l l  o f  S . l a c r y m a n s  f r o m
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Figure 55: Serpula lacrymans inside a private house.
Figure 55a: Inside a sub-floor cavity; strands of Serpula
lacrymans suspended from rotted floor jo is ts .
Figure 55b: Floor boards rotted by S. lacrymans and a
mycelial flush on the carpet.
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t h a t  o f  C . p u t e a n a  a n d ,  s e c o n d l y ,  t h e y  d o  n o t  r e a c t  t o  e v e n  
s e r i o u s  a t t a c k s  o f  o t h e r  f u n g i ,  e . g .  F. v a i l l a n t i i . O t h e r  
m e t h o d s  b a s e d  o n  g a s  c h r o m a t o g r a p h y  a r e  c u r r e n t l y  b e i n g  
i n v e s t i g a t e d  f o r  t h e  d e t e c t i o n  a n d  d e t e r m i n a t i o n  o f  
v o l a t i l e s  f r o m  w o o d  d e c a y  f u n g i ,  e . g .  B j u r m a n  &  K r i s t e n s s o n  
( 1 9 9 2 )  a n d  E s s e r  &  T a s  ( 1 9 9 2 ) .  M o l e c u l a r  m e t h o d s  h a v e  p r o v e d  
t o  h a v e  p o t e n t i a l  f o r  d e t e c t i o n  o f  b a s i d i o m y c e t e  m y c e l i u m  i n  
w o o d ,  e . g .  i m m u n o l o g i c a l  s t u d i e s  o n  P. p l a c e n t a  ( G o o d e l l  & 
J e l l i s o n ,  1 9 8 6 ;  a n d  G o o d e l l  e t  a l ., 1 9 8 8 ) ;  C. v e r s i c o l o r  
( P a l f r e y m a n  e t  a l ., 1 9 8 7 )  a n d  L. l e p i d e u s  ( G l a n c y  e t _ a l ., 
1 9 8 9 )  . T h i s  p r o j e c t  h a s  d e m o n s t r a t e d  t h a t  i m m u n o l o g i c a l  
m e t h o d s  h a v e  p o t e n t i a l  f o r  t h e  d e t e c t i o n  o f  S ♦ l a c r v m a n s  i n  
w o o d .
A  p r i m a r y  a i m  o f  t h i s  t h e s i s  w a s  t o  u s e  S D S - P A G E / s i l v e r  
s t a i n i n g  a n d  w e s t e r n  b l o t t i n g  t o  i n v e s t i g a t e  t h e  p r o t e i n  a n d  
a n t i g e n i c  p r o f i l e s  o f  i s o l a t e d  S. l a c r v m a n s  g r o w n  i n  
c o n t r o l l e d  c o n d i t i o n s ,  a n d  t o  e x a m i n e  h o w  t h e s e  p r o f i l e s  
w e r e  a f f e c t e d  b y  v a r i a t i o n  i n  c u l t u r a l  c o n d i t i o n s .  T h i s  i s  
b e c a u s e  t h e r e  m u s t  b e  a n  u n d e r s t a n d i n g  o f  t h e  m o l e c u l a r  
n a t u r e  o f  t h e  o r g a n i s m  w h e n  g r o w n  i n  c o n t r o l l e d  c o n d i t i o n s  
b e f o r e  a  m e a n i n g f u l  a t t e m p t  c a n  b e  m a d e  t o  u s e  s i m i l a r  
t e c h n i q u e s  t o  d e t e c t  t h e  s a m e  o r g a n i s m  i n  w o o d .
A d d i t i o n a l l y ,  i f  m o l e c u l a r  p r o f i l e s  a r e  t o  b e  u s e d  f o r  
d e t e c t i o n  o f  S. l a c r y m a n s  t h e n  i t  i s  i m p o r t a n t  t h a t  
d i f f e r e n t  s p e c i e s  w h i c h  a r e  l i k e l y  t o  b e  f o u n d  i n  a  s i m i l a r  
e n v i r o n m e n t  h a v e  p r o f i l e s  w h i c h  a r e  d i f f e r e n t  f r o m  S . 
l a c r v m a n s . T h e  d a t a  r e p o r t e d  i n  t h i s  t h e s i s  s h o w e d  
c o n c l u s i v e l y  t h a t  t h e  m o l e c u l a r  m e t h o d s  w h i c h  w e r e  u s e d  
e n a b l e d  t h e  d e l i n e a t i o n  o f  a  p r o f i l e  w h i c h  w a s  u n i q u e  t o  
i s o l a t e s  o f  S . l a c r y m a n s .
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T h e  i n v e s t i g a t i o n  o f  m o l e c u l a r  p r o f i l e s  o f  i s o l a t e s  o f  
B a s i d i o m y c e t e s  n e c e s s i t a t e d  t h e  d e v e l o p m e n t  o f  a  r e l a t i v e l y  
s p e e d y  a n d  s i m p l e  m e t h o d  o f  c o m p u t a t i o n  o f  t h e  s i m i l a r i t i e s  
b e t w e e n  s p e c i e s .  T h e  p r i m a r y  o b j e c t i v e  o f  t h i s  w a s  t o  d e f e n d  
i d e n t i f i c a t i o n  a s  S . l a c r y m a n s , a n d  w a s  u s e d  i n  t h i s  t h e s i s  
t o  c o n f i r m  s t a n d a r d  m y c e l i u m  o f  i s o l a t e s  D I T - 1 0 1  a n d  D I T -  
1 0 2 ,  a n d  y o u n g  m y c e l i u m  o f  i s o l a t e  B F - 0 5 0 ,  a s  S . l a c r y m a n s . 
H o w e v e r ,  a  d e v e l o p m e n t  w a s  t h a t  e i t h e r  S D S - P A G E / s i l v e r  
s t a i n i n g  o r  w e s t e r n  b l o t t i n g ,  u s e d  i n  c o n j u n c t i o n  w i t h  a n  
a p p r o p r i a t e  r e f e r e n c e  i s o l a t e  a n d  p r e v i o u s l y  e s t a b l i s h e d  
p r o t e i n  o r  a n t i g e n i c  s i m i l a r i t y  i n d i c e s ,  c o u l d  a i d  i n  t h e  
i d e n t i f i c a t i o n  o f  u n k n o w n  i s o l a t e s  o f  o t h e r  s p e c i e s .  T h i s  
w a s  s u b s e q u e n t l y  d e m o n s t r a t e d  b y  t h e  u s e  o f  S D S - P A G E / s i l v e r  
s t a i n i n g  i n  t h e  i d e n t i f i c a t i o n  o f  u n k n o w n  i s o l a t e s  a s  L. 
s u l p h u r e u s  (McD o w e l l ,  1 9 9 2 ) ;  G. t r a b e u m  ( H a i n e y ,  p e r s o n a l  
c o m m u n i c a t i o n )  a n d  H. a n n o s u m  ( G a l b r a i t h ,  p e r s o n a l  
c o m m u n i c a t i o n ) . W e s t e r n  b l o t t i n g  h a s  b e e n  s i m i l a r l y  u s e d  t o  
c o n f i r m  i d e n t i t y  o f  C . p u t e a n a  (McD o w e l l ,  1 9 9 2 )  a n d ,  i n  t h i s  
t h e s i s ,  t o  i n d i c a t e  t h a t  i s o l a t e  B F - 0 1 5 B  i s  p r o b a b l y  
c o n f i r m e d  a s  S. h i m a n t i o i d e s .
I t  w a s  i n i t i a l l y  f e l t  t h a t  t h e  d e v e l o p m e n t  o f  s i m i l a r i t y  
i n d i c e s  m i g h t  a l s o  a i d  t a x o n o m i c  s t u d i e s .  H o w e v e r ,  t h e  
m e t h o d s  w h i c h  e m p l o y  S D S - P A G E / s i l v e r  s t a i n  f o r  t a x o n o m i c  
s t u d i e s ,  e . g .  K e r s t e r s  ( 1 9 8 5 ) ,  a r e  b a s e d  o n  c o m p u t e r  
a n a l y s i s  o f  t h e  i n t e r - r e l a t i o n s h i p s  o f  l a r g e  n u m b e r s  o f  
c l o s e l y  r e l a t e d  i s o l a t e s ;  w h e r e a s  s i m i l a r i t y  i n d i c e s  a r e  
b a s e d  o n  c o m p a r i s o n  o f  o n e  o r g a n i s m  w i t h  a n  a p p r o p r i a t e  
r e f e r e n c e  o r g a n i s m .  T h e  s i m i l a r i t i e s  b e t w e e n  t h e  a n t i g e n i c  
p r o f i l e s  o f  S . l a c r y m a n s  a n d  S. h i m a n t i o i d e s  a r e  p r o b a b l y  
e x p l a i n e d  b y  r e l a t i o n s h i p  w i t h i n  a  g e n u s ,  a n d  s i m i l a r i t i e s  
b e t w e e n  t h e s e  t w o  o r g a n i s m s  a n d  C. p u t e a n a  a r e  p o s s i b l y  
e x p l a i n e d  b y  t a x o n o m i c  r e l a t i o n s h i p  w i t h i n  a  f a m i l y .
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H o w e v e r ,  i t  i s  d o u b t f u l  i f  a n t i g e n i c  p r o f i l e s  d e r i v e d  f r o m  a  
n o n - s p e c i f i c  a n t i s e r u m  c o u l d  c o n t r i b u t e  t o  l a r g e  s c a l e  
t a x o n o m i c  s t u d i e s  s i n c e  o t h e r  w o r k  i n  t h i s  t h e s i s  h a s  
i n d i c a t e d ,  f i r s t l y ,  t h a t  c o m m o n  a n t i g e n s  d e t e c t e d  b y  s u c h  a n  
a n t i s e r u m  a r e  n o t  n e c e s s a r i l y  i n d i c a t i v e  o f  t a x o n o m i c  
c l o s e n e s s ;  a n d ,  s e c o n d l y ,  t h a t  a l l  g e n e r a  w i t h i n  a  f a m i l y  d o  
n o t  s h a r e  c o m m o n  a n t i g e n s .  U s e  o f  i m m u n o l o g i c a l  r e a g e n t s  f o r  
t a x o n o m i c  p u r p o s e s  w i t h i n  t h e  B a s i d i o m y c e t e s  p r o b a b l y  
d e p e n d s  u p o n  t h e  d e v e l o p m e n t  o f  i s o l a t e ,  s p e c i e s  a n d  g e n u s  
s p e c i f i c  m o n o c l o n a l  a n t i b o d i e s .  S u c h  p r o b e s  h a v e  b e e n  
d e v e l o p e d  i n  o t h e r  a r e a s  o f  m y c o l o g y  a n d  w e r e  c o n s i d e r e d  t o  
h a v e  p o t e n t i a l  f o r  t a x o n o m i c  p u r p o s e s ,  e . g .  H a r d h a m ,  S u z a k i  
& P e r k i n  ( 1 9 8 6 )  r a i s e d  m o n o c l o n a l  a n t i b o d i e s  a g a i n s t  t h e  
z o o s p o r e s  a n d  c y s t s  o f  P h v t o p h t h o r a  c i n n a m o n i .
9 . 2  D e t e c t i o n  o f  f i e l d  s a m p l e s .
O n e  d r a w b a c k  t o  t h e  u s e  o f  i s o l a t e s  f o r  t h e  i d e n t i f i c a t i o n ,  
a n d  c o n c o m i t a n t  d e t e c t i o n ,  o f  S . l a c r v m a n s  i s  t h e  t i m e  
r e q u i r e d  f o r  t h e  i s o l a t i o n  o f  t h e  i n f e c t i v e  o r g a n i s m  a n d ,  
f o r  t h i s  r e a s o n ,  i t  w o u l d  b e  d e s i r a b l e  t o  d e t e c t  t h e  
o r g a n i s m  d i r e c t l y  f r o m  a n y  m o r p h o l o g i c a l  f o r m  o f  f i e l d  
m a t e r i a l .  H o w e v e r ,  t h e  d a t a  s h o w e d  t h a t  S D S - P A G E / s i l v e r  
s t a i n i n g  a l l i e d  w i t h  s i m i l a r i t y  i n d i c e s  w a s  n o t  a p p r o p r i a t e  
f o r  c o m p a r i s o n  o f  e i t h e r  m a n y  m y c e l i a l  a n d  b a s i d i o c a r p  
s a m p l e s  o r  a l l  s t r a n d  a n d  i n f e c t e d  w o o d  s a m p l e s ;  a n d  t h e  
p r o t e i n  s i m i l a r i t y  i n d i c e s  s h o w e d  t h a t  t h e  v a r i a t i o n  
e n c o u n t e r e d  w i t h i n  t h e  s a m p l e s  o f  f i e l d  m y c e l i u m  a n d  
b a s i d i o c a r p  w h i c h  c o u l d  b e  a n a l y s e d  w a s  g r e a t e r  t h a n  t h a t  
a m o n g s t  t h e  r a n g e  o f  S. l a c r y m a n s  i s o l a t e s .  I t  i s  u n l i k e l y ,  
t h e r e f o r e ,  t h a t  S D S - P A G E / s i l v e r  s t a i n e d  p r o f i l e s  w i l l  h a v e
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u n i v e r s a l  u s e  f o r  i d e n t i f i c a t i o n  o f  f i e l d  m a t e r i a l  a s  S . 
l a c r v m a n s .
W e s t e r n  b l o t t i n g  i d e n t i f i e d  a n t i g e n i c  s p e c i e s  i n  m o s t  f i e l d  
s a m p l e s ,  i n c l u d i n g  i n f e c t e d  w o o d  b u t  a n t i g e n i c  p r o f i l e s  o f  
f i e l d  m a t e r i a l  w e r e  i n i t i a l l y  e x p e c t e d  t o  h a v e  e v e n  l e s s  
p o t e n t i a l  t h a n  p r o t e i n  p r o f i l e s  f o r  d e t e c t i o n  a n d  
i d e n t i f i c a t i o n  o f  f i e l d  S . l a c r v m a n s  s i n c e ,  f i r s t l y ,  m o s t  
s a m p l e s  h a d  p r o f i l e s  w h i c h  s h o w e d  g r e a t  v a r i a t i o n  f r o m  
i s o l a t e d  m y c e l i u m ;  a n d ,  s e c o n d l y ,  t h e  a n t i s e r u m  d i s p l a y e d  a  
g r e a t  d e a l  o f  c r o s s r e a c t i v i t y  w i t h  o t h e r  f u n g a l  s p e c i e s .  
N u m e r o u s  a u t h o r s  h a v e  r e p o r t e d  t h a t  f u n g a l  a n t i s e r a  c r o s s  
r e a c t  w i d e l y  w i t h  o t h e r  B a s i d i o m y c e t e s , e . g .  G o o d e l l  & 
J e l l i s o n  ( 1 9 8 6 ) ;  G l a n c y  ( 1 9 9 0 ) ;  M cD o w e l l  ( 1 9 9 2 ) ;  a n d  
G a l b r a i t h  ( p e r s o n a l  c o m m u n i c a t i o n ) . F o r  s o m e  t y p e s  o f  
d e t e c t i o n  s y s t e m  t h e r e  a r e  a d v a n t a g e s  i n  h a v i n g  a  r e l a t i v e l y  
n o n - s p e c i f i c  a n t i s e r u m ,  e . g .  i n  d i s t r i b u t i o n  p o l e s  i t  i s  
u s e f u l  t o  d e t e c t  c o l o n i s a t i o n  b y  a  r a n g e  o f  B a s i d i o m y c e t e s ,  
s i n c e  a l l  a r e  c a p a b l e  o f  d e g r a d i n g  t h e  t i m b e r .  H o w e v e r ,  
e x a c t  i d e n t i f i c a t i o n  o f  s p e c i e s  i s  r e q u i r e d  i n  t h e  c a s e  o f  
S . l a c r y m a n s  s i n c e  a p p r o p r i a t e  r e m e d i a l  t r e a t m e n t  d e p e n d s  
u p o n  c o r r e c t  i d e n t i f i c a t i o n .  T h e r e f o r e ,  t h e  w a y  f o r w a r d  t o  
r e l i a b l e  i d e n t i f i c a t i o n  o f  S. l a c r y m a n s  p r o b a b l y  d e p e n d s  
u p o n  t h e  m o r e  s o p h i s t i c a t e d  m o l e c u l a r  t e c h n o l o g i e s  c u r r e n t l y  
a v a i l a b l e ,  e . g .  e i t h e r  t h e  d e v e l o p m e n t  o f  m o n o c l o n a l  
a n t i b o d i e s  a g a i n s t  s e l e c t e d  f u n g a l  m o l e c u l e s  o r  t h e  u s e  o f  
D N A  f i n g e r p r i n t i n g  m e t h o d s .
T h i s  t h e s i s  h a s  i d e n t i f i e d  a n t i g e n s  w h i c h  c o u l d  b e  u s e d  f o r  
d e v e l o p m e n t  o f  m o n o c l o n a l  a n t i b o d i e s .  F o r  e x a m p l e  i t  h a s  
s h o w n  t h a t ,  f i r s t l y ,  a  p a r t i c u l a r  m o r p h o l o g i c a l  s t a g e  o f  t h e  
o r g a n i s m  m a y  b e  a s s o c i a t e d  w i t h  c e r t a i n  a n t i g e n s ,  e . g .  
e i t h e r  t h e  m a j o r  a n t i g e n s  o f  y o u n g  a n d  a g e d  m y c e l i u m  o r  t h e
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p a t t e r n  o f  a n t i g e n s  u n i q u e l y  a s s o c i a t e d  w i t h  e a c h  
m o r p h o l o g i c a l  f o r m  o f  f r e s h  f i e l d  S. l a c r v m a n s ; s e c o n d l y ,  
t h e r e  a r e  s o m e  a n t i g e n s  w h i c h  a r e  c o m m o n  t o  l a b o r a t o r y  
m y c e l i u m  a n d  f r e s h  f i e l d  m y c e l i u m ,  s t r a n d  a n d  b a s i d i o c a r p ;  
a n d ,  t h i r d l y ,  t h e r e  a r e  p e r s i s t e n t  a n t i g e n s  w h i c h  a r e  
a s s o c i a t e d  w i t h  d e s i c c a t e d  f i e l d  S. l a c r v m a n s . H o w e v e r ,  t h e  
u l t i m a t e  i d e a l  o f  d i f f e r e n t i a t i o n  b e t w e e n  d e a d / d o r m a n t  S . 
l a c r y m a n s  a n d  a c t i v e l y  g r o w i n g  S. l a c r y m a n s  m i g h t  d e p e n d  
u p o n  t h e  d e v e l o p m e n t  o f  p r o b e s  a g a i n s t  e i t h e r  t h e  a n t i g e n s  
a s s o c i a t e d  w i t h  v i a b l e  S. l a c r v m a n s  o r  t h e  e n z y m e s  p r o d u c e d  
o n l y  w h e n  t h e  o r g a n i s m  i s  a c t i v e l y  g r o w i n g  i n  w o o d .  T h i s  
w o u l d  r e q u i r e  i n v e s t i g a t i o n  o f  t h e  r e l a t i o n s h i p  b e t w e e n  
v i a b i l i t y  a n d  t h e  a n t i g e n i c  n a t u r e  o f  S ♦ l a c r y m a n s  i n  f i e l d  
w o o d  a n d ,  a d d i t i o n a l l y ,  d e t e r m i n a t i o n  o f  t h e  a p p e a r a n c e  
a n d / o r  d i s a p p e a r a n c e  o f  s p e c i f i c  m o l e c u l e s  d u r i n g  t h e  d e c a y  
p r o c e s s .  P r o b e s  d e v e l o p e d  a g a i n s t  v i a b l e  S. l a c r y m a n s  i n  
w o o d  c o u l d  a d d i t i o n a l l y  a i d  e l u c i d a t i o n  o f  t h e  m e c h a n i s m s  
i n v o l v e d  i n  t h e  d e g r a d a t i o n  o f  w o o d  a n d  c o u l d  g i v e  
i n f o r m a t i o n  o n  t h e  e f f e c t i v e n e s s  o f  c o n t r o l / e r a d i c a t i o n  
t r e a t m e n t s .
M o n o c l o n a l  a n t i b o d i e s  w e r e  r a i s e d  ( G l a n c y ,  p e r s o n a l  
c o m m u n i c a t i o n )  a g a i n s t  e i t h e r  m y c e l i a l  e x t r a c t  o f  s t a n d a r d  
m y c e l i u m  o r  e x o - a n t i g e n s  ( D e w e y ,  M acD o n a l d  &  P h i l l i p s ,  1 9 8 9 )  
o f  S. l a c r y m a n s  a n d ,  w h i l s t  t h e  l a t t e r  m e t h o d  p r o d u c e d  o n l y  
n o n - s p e c i f i c  a n t i b o d i e s ,  t h e  f o r m e r  m e t h o d  p r o d u c e d  t h r e e  
s p e c i f i c  a n t i b o d i e s  w h i c h  r e a c t e d  w i t h  a  l i m i t e d  n u m b e r  o f  
s a m p l e s  o f  f i e l d  m y c e l i u m ,  s t r a n d  a n d  b a s i d i o c a r p  b u t  n o t  
w i t h  s p o r e s .  W h i l s t  t h e s e  a n t i b o d i e s  r e a c t e d  w i t h  i n f e c t e d  
p i n e  a n d  l i m e  s a p w o o d  b l o c k s  a b o v e  a  w e i g h t  l o s s  o f  1 0 %  t h e y  
d i d  n o t  r e a c t  w i t h  i n f e c t e d  w o o d  s a m p l e s  f r o m  t h e  f i e l d  
( G l a n c y ,  p e r s o n a l  c o m m u n i c a t i o n ) . S i m i l a r  w o r k  h a s  r e s u l t e d  
i n  m o n o c l o n a l  a n t i b o d i e s  w h i c h  a r e  s p e c i f i c  f o r  i s o l a t e s  o f
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C. p u tea n a  (McD o w ell, 1992) and H. annosum (G a lb r a ith ,
p e r s o n a l  c o m m u n i c a t i o n )  a n d  w h i c h  a l s o  d e t e c t  t h e  
a p p r o p r i a t e  o r g a n i s m  i n  w o o d  ( b o t h  o r g a n i s m s )  a n d  f i e l d  
s a m p l e s  (C. p u t e a n a  o n l y ) . H o w e v e r ,  p r o b l e m s  h a v e  b e e n  
e n c o u n t e r e d  i n  d e v e l o p i n g  t h e  u s e  o f  t h e  m o n o c l o n a l  
a n t i b o d i e s  f o r  t h e  d e t e c t i o n  o f  S ♦ l a c r v m a n s  ( P a l f r e y m a n ,  
p e r s o n a l  c o m m u n i c a t i o n ) .  T h e s e  p r o b l e m s ,  a l s o  r e p o r t e d  b y  
K o c h  ( p e r s o n a l  c o m m u n i c a t i o n )  i n  d e v e l o p m e n t  o f  a  s i m i l a r  
d i a g n o s t i c  p r o b e ,  a r e  c h i e f l y  c a u s e d  b y  n o n - s p e c i f i c  b i n d i n g  
d u r i n g  t h e  E L I S A  a s s a y .  I t  i s  p r o b a b l e  t h a t  t h e  c a u s e  i s  t h e  
s a m e  ( P a l f r e y m a n ,  p e r s o n a l  c o m m u n i c a t i o n )  a s  t h e  p r o b l e m  
e n c o u n t e r e d  d u r i n g  t h e  d o t  i m m u n o b i n d i n g  a s s a y  d e t a i l e d  i n  
t h i s  t h e s i s ,  v i z  r e a c t i o n  o f  a  c o m p o n e n t  o f  t h e  p o l y c l o n a l  
H R P - l i n k e d  a n t i b o d y  w i t h  t h e  a n t i g e n ,  b u t  w h i c h  w a s  
f o r t u i t o u s l y  o v e r c o m e  b y  s a m p l e  p r e p a r a t i o n  p r i o r  t o  
e l e c t r o p h o r e s i s .  T h e  p r o b l e m  w a s  p a r t i a l l y  s o l v e d  b y  G l a n c y  
( p e r s o n a l  c o m m u n i c a t i o n )  w i t h  t h e  u s e  o f  a l k a l i n e  
p h o s p h a t a s e - l i n k e d  a n t i b o d i e s  b u t  f u r t h e r  a d v a n c e s  i n  t h e  
d e v e l o p m e n t  o f  a  m o n o c l o n a l  a n t i b o d y  b a s e d  d e t e c t i o n  s y s t e m  
w o u l d  h a v e  t o  d e t e r m i n e  t h e  c a u s e  o f  t h e  n o n - s p e c i f i c  
b i n d i n g  i n  o r d e r  t o  e l i m i n a t e  i t .
9 . 3  O r i g i n s  o f  S. l a c r v m a n s .
T h o u g h  S. l a c r v m a n s  a n d  S. h i m a n t i o i d e s  a r e  v e r y  s i m i l a r  
o r g a n i s m s ,  a s  e v i d e n c e d  b y  t h e i r  p r e s e n c e  i n  t h e  s a m e  g e n u s ,  
i t  h a s  b e e n  r e p o r t e d  o v e r  t h e  y e a r s  t h a t  e a c h  o c c u p i e d  
d i f f e r e n t  e c o l o g i c a l  n i c h e s .  I t  h a s  b e e n  s t a t e d  t h a t  S . 
l a c r v m a n s  i s  c o n f i n e d  t o  b u i l d i n g s  w h i l s t  S. h i m a n t i o i d e s  i s  
t h e  m e m b e r  o f  t h e  g e n u s  w h i c h  i s  f o u n d  i n  n a t u r e  ( C a r t w r i g h t  
Sc F i n d l a y ,  1 9 5 8 )  . H o w e v e r ,  t h i s  s t a t e m e n t  i s  i n  d i s a g r e e m e n t  
w i t h  p u b l i s h e d  l i t e r a t u r e  s i n c e  S . l a c r y m a n s  h a s  b e e n
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r e c o r d e d  o n  t h r e e  o c c a s i o n s  f r o m  n a t u r e  ( B a g c h e e ,  1 9 5 4 ;  
H a r m s e n ,  1 9 6 0 ;  a n d  S o u k u p ,  1 9 7 9 )  a n d  i t  i s  g e n e r a l l y -  
a c c e p t e d  t h a t  S. h i m a n t i o i d e s , f o u n d  i n  n a t u r e  o n  t h e  l o w e r  
s i d e  o f  f a l l e n  c o n i f e r s ,  t e l e g r a p h  p o l e s  a n d  f e n c e  p o s t s  
( B e c h - A n d e r s e n ,  1 9 9 1 ) ,  h a s  b e e n  d o c u m e n t e d  i n  h o u s e s  ( K o c h ,  
p e r s o n a l  c o m m u n i c a t i o n ) . I t  m u s t  b e  e i t h e r  t h a t  b o t h  
o r g a n i s m s  g r o w  i n  t h e  o p e n  a n d  i n  b u i l d i n g s  o r  t h a t  m i s t a k e s  
w e r e  m a d e  i n  i d e n t i f i c a t i o n  o f  t h e  o r g a n i s m  f r o m  t h e  o p e n  
f o r e s t  a s  S . l a c r y m a n s  w i t h  t h e  c o n s e q u e n c e  t h a t  o n l y  S ♦ 
h i m a n t i o i d e s  g r o w s  i n  n a t u r e  a n d  i n  b u i l d i n g s .  I t  i s  e a s y  
f o r  a  n o n - e x p e r t  t o  c o m p r e h e n d  h o w  m i s t a k e s  i n  i d e n t i t y  
c o u l d  o c c u r  s i n c e  t h e  s p o r e s  a n d  m o s t  m i c r o s c o p i c  c h a r a c t e r s  
o f  S. h i m a n t i o i d e s  a n d  S. l a c r y m a n s  a r e  s i m i l a r  ( B e c h -  
A n d e r s e n ,  1 9 9 1 ) .  T h e  s u r f a c e  m y c e l i u m  o f  S. h i m a n t i o i d e s  i s  
s p a r s e r  a n d  m o r e  m e m b r a n e o u s  t h a n  S . l a c r y m a n s  a n d  i t s  f r u i t  
b o d y  d o e s  n o t  c o n t a i n  t h e  L - s h a p e d  s k e l e t a l  h y p h a e  w h i c h  a r e  
c h a r a c t e r i s t i c  o f  S . l a c r y m a n s  ( B e c h - A n d e r s e n ,  1 9 9 1 )  b u t  
t h e s e  a r e  d i s t i n c t i o n s  w h i c h  w o u l d  b e  h a r d  f o r  a n y o n e  o t h e r  
t h a n  a n  e x p e r t  t o  d e f e n d .  I n d e e d ,  t h i s  i s  i m p l i c i t  i n  t h e  
s t a t e m e n t  b y  B a g c h e e  ( 1 9 5 4 )  t h a t  c r i t i c a l  c u l t u r a l  
e x p e r i m e n t s  h a d  y e t  t o  c o n f i r m  t h e  e x i s t e n c e  o f  a n  
a p p a r e n t l y  i d e n t i c a l  o r g a n i s m  i n  t h e  o p e n  f o r e s t  a n d  l o c a l  
b u i l d i n g s .
I f  i t  w e r e  p r o v e d  t h a t  S. l a c r y m a n s  g r o w s  i n  t h e  o p e n  f o r e s t  
i n  t h e  H i m a l a y a s  i t  w o u l d  r e - o p e n  d i s c u s s i o n  ( B a g c h e e ,  1 9 5 4 )  
a s  t o  i t s  t r u e  g e o g r a p h i c a l  d i s t r i b u t i o n  i n  n a t u r e .  I t  m i g h t  
b e  t h a t  ' w i l d 7 S. l a c r y m a n s  i s  e i t h e r  w i d e s p r e a d  i n  m o s t  
t e m p e r a t e  c o n i f e r o u s  f o r e s t s  o r  g r o w s  o n l y  i n  a  f e w  r e g i o n s  
o f  t h e  w o r l d .  I n  t h e  f o r m e r  c a s e  t h e  o r g a n i s m  m a y  h a v e  
e s c a p e d  d e t e c t i o n  b e c a u s e  e n v i r o n m e n t a l  p r e s s u r e s ,  e . g .  a i r  
m o v e m e n t s  o r  t e m p e r a t u r e  v a r i a t i o n s ,  r e s t r i c t  i t s  
d i s t r i b u t i o n  t o  r e l a t i v e l y  f e w  p l a c e s  w h i c h  a r e  h i d d e n  f r o m
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c a s u a l  g l a n c e  a n d  w h e r e  t h e  e c o n o m i c  e f f e c t s  o f  i t s  a c t i o n  
a r e  m i n i m a l .  I f  ' w i l d '  S. l a c r y m a n s  i s  r e s t r i c t e d  t o  a  f e w  
r e g i o n s  o f  t h e  w o r l d  i t  w o u l d  r a i s e  t h e  q u e s t i o n  o f  t h e  
m e c h a n i s m  o f  d i s p e r s a l  t o  a l l  t e m p e r a t e  r e g i o n s  o f  t h e  
w o r l d .  I t  c o u l d  b e  t h a t  e i t h e r  a e r i a l  s p o r e  d i s p e r s a l  
e n a b l e d  t h e  o r g a n i s m  t o  c o l o n i s e  b u i l d i n g  t i m b e r s  a s  m a n ' s  
a c t i v i t i e s  m a d e  t h e m  a v a i l a b l e  o r  i n c o r p o r a t i o n  o f  i n f e c t e d  
l o g s  i n t o  s h i p s  d u r i n g  r e p a i r s  i n  t h e  c o u n t r y  w h e r e  t h e  
o r g a n i s m  w a s  i n d i g e n o u s  f a c i l i t a t e d  d i s p e r s a l  w o r l d w i d e .  I f  
s p o r e s  w e r e  r e s p o n s i b l e  f o r  w o r l d w i d e  d i s p e r s a l  o f  S . 
l a c r y m a n s  i t  c a n  o n l y  b e  a  t o p i c  o f  c o n j e c t u r e  w h e n  t h e  
o r g a n i s m  f i r s t  i n v a d e d  a n d  e x p l o i t e d  m a n ' s  t i m b e r  
c o n s t r u c t i o n s .  S p o r e s  m a y  a l w a y s  h a v e  b e e n  a s s o c i a t e d  w i t h  
c o n s t r u c t i o n  t i m b e r  i n  t e m p e r a t e  r e g i o n s  a n d  t h e  
i n e v i t a b i l i t y  o f  d e c a y  f o l l o w i n g  i n c o r p o r a t i o n  i n t o  a  
s u i t a b l e  e n v i r o n m e n t  w a s  n o t e d  a s  u n d e s i r a b l e  b u t  h a d  t o  b e  
a c c e p t e d  p r i o r  t o  i d e n t i f i c a t i o n  o f  t h e  c a u s e  o f  d e c a y  a n d  
t h e  d e t e r m i n a t i o n  o f  r e m e d i a l  a c t i o n .
T h e  E u r o p e a n  v o y a g e s  o f  d i s c o v e r y  w h i c h  b e g a n  i n  t h e  e a r l y  
f i f t e e n t h  c e n t u r y  ( T i m e s  C o n c i s e  A t l a s  o f  W o r l d  H i s t o r y ,
1 9 8 6 )  u s e d  w o o d e n  s h i p s  w h i c h  m i g h t  h a v e  p a r t i c u l a r l y  a i d e d  
t h e  d i s p e r s a l  o f  i n f e c t e d  w o o d .  T h e s e  v o y a g e s  o p e n e d  u p  a  
n e w  e r a  i n  w o r l d  h i s t o r y  a f t e r  1 5 0 0  s i n c e  t h e y  r e s u l t e d  i n  
d i r e c t  s e a  c o n t a c t  b e i n g  e s t a b l i s h e d  b e t w e e n  c o n t i n e n t s  a n d  
r e g i o n s  w h i c h  h i t h e r t o  h a d  b e e n  i s o l a t e d  f r o m  e a c h  o t h e r ,  
e . g .  V a s c o  d a  G a m a  r e a c h e d  I n d i a  i n  1 4 9 9  ( T i m e s  C o n c i s e  
A t l a s  o f  W o r l d  H i s t o r y ,  1 9 8 6 )  . T h e  r e t u r n  t o  t e m p e r a t e  
E u r o p e a n  c o u n t r i e s  o f  s h i p s  w i t h  i n f e c t e d  t i m b e r s  w h i c h  w e r e  
t h e n  d i s c a r d e d  d u r i n g  r e p a i r  m i g h t  h a v e  e n a b l e d  S . l a c r y m a n s  
t o  s p r e a d  t o  u n i n f e c t e d  t i m b e r s  w h i c h  w e r e  s u b s e q u e n t l y  u s e d  
f o r  b u i l d i n g ,  i t  m u s t  b e  a s s u m e d  t h a t  S . l a c r y m a n s  g r e w  i n  
t h e  p a r t s  o f  t h e  c o n s t r u c t i o n  w h i c h  p r o v i d e d  c o n d i t i o n s
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s i m i l a r  t o  t h o s e  i n  i t s  n a t u r a l  e n v i r o n m e n t .  H o w e v e r ,  t h e  
e n v i r o n m e n t a l  c o n t r o l s  o n  g r o w t h  w h i c h  m i g h t  b e  a p p l i c a b l e  
i n  t h e  w i l d ,  e . g .  e i t h e r  s e a s o n a l  a n d  d i u r n a l  v a r i a t i o n s  i n  
t e m p e r a t u r e ,  h u m i d i t y  a n d  a i r  m o v e m e n t s  o r  c o m p e t i t o r s ,  
w o u l d  b e  a b s e n t  f r o m  p a r t s  o f  m a n ' s  c o n s t r u c t i o n s .  W i t h i n  
s u c h  f a v o u r a b l e  h a b i t a t s  S . l a c r y m a n s  w o u l d  b e  f r e e d  f r o m  
p r e v i o u s  e n v i r o n m e n t a l  c o n s t r a i n t s  a n d  c o u l d  d e m o n s t r a t e  i t s  
f u l l  p o t e n t i a l  f o r  d e c o m p o s i t i o n  o f  t i m b e r .  T h e  d i f f i c u l t i e s  
e x p e r i e n c e d  i n  t h e  c u l t u r e  o f  S . l a c r y m a n s , w h i c h  a r e  i n  
m a r k e d  c o n t r a s t  t o  i t s  r e a d i n e s s  t o  g r o w  i n  b u i l d i n g  
t i m b e r s ,  a r e  p e r h a p s  i n d i c a t i v e  o f  a n  o r g a n i s m  w h i c h  h a s  
b e c o m e  h i g h l y  a d a p t e d  t o  a  n a r r o w  n i c h e .  S u c h  a n  a d a p t a t i o n  
m i g h t  s e v e r e l y  l i m i t  t h e  d i s t r i b u t i o n  o f  t h e  o r g a n i s m  w e r e  
i t  n o t  f o r  t h e  f a c t  t h a t  t h e  n i c h e  i s  i n  a p p a r e n t l y  
u n l i m i t e d  s u p p l y  a s  a n  i n t e g r a l  p a r t  o f  a n  e s s e n t i a l  o f  
m a n ' s  l i f e .
T h e  u s e  o f  i n f e c t e d  t i m b e r  o r  a e r i a l  s p o r e  d i s p e r s a l  c o u l d  
h a v e  i n i t i a l l y  r e s u l t e d  i n  t h e  i n c o r p o r a t i o n  a n d  s u b s e q u e n t  
d e v e l o p m e n t  o f  b o t h  S . l a c r v m a n s  a n d  S. h i m a n t i o i d e s  i n  
b u i l d i n g s .  N o w a d a y s  S. h i m a n t i o i d e s  i s  e c o n o m i c a l l y  l e s s  
i m p o r t a n t  i n  b u i l d i n g s  t h a n  S . l a c r v m a n s  b u t  i t s  p r e s e n c e  
c a n  c a u s e  p r o b l e m s  a f t e r  r e m e d i a l  t r e a t m e n t  b y  h e a t  a g a i n s t  
S . l a c r v m a n s  ( K o c h ,  p e r s o n a l  c o m m u n i c a t i o n )  b e c a u s e  i t  i s  
i n s e n s i t i v e  t o  t e m p e r a t u r e s  w h i c h  k i l l  S. l a c r v m a n s . T h e  
c o n t i n u e d  g r o w t h  o f  S. h i m a n t i o i d e s  a f t e r  h e a t  t r e a t m e n t ,  
c o m b i n e d  w i t h  i t s  v i s u a l  s i m i l a r i t y  t o  S . l a c r v m a n s , c a n  
r e s u l t  i n  h e a t  t r e a t m e n t  a g a i n s t  S. l a c r v m a n s  b e i n g  d e e m e d  
i n e f f e c t i v e .  S. h i m a n t i o i d e s  i s  t h e  s m a l l e r  o r g a n i s m  
( C a r t w r i g h t  & F i n d l a y ,  1 9 5 8 )  b u t  i t  m u s t  b e  q u e s t i o n e d  w h y  
S . l a c r v m a n s  i s  n o w  m o r e  s u c c e s s f u l  i n  a n  e n v i r o n m e n t  w h i c h  
m i g h t  i n i t i a l l y  h a v e  p r o v i d e d  i d e a l  g r o w t h  c o n d i t i o n s  f o r  
b o t h  o r g a n i s m s .  I t  i s  p o s s i b l e  t h a t  t h i s  i s  r e l a t e d  t o  t h e
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r a n g e  o f  t e m p e r a t u r e  w i t h i n  w h i c h  e a c h  s p e c i e s  g r o w s  a n d  
w h i c h  w o u l d  d e t e r m i n e  t h e  p a r t s  o f  a  b u i l d i n g  w h i c h  w o u l d  b e  
c o l o n i s e d  b y  e a c h  s p e c i e s .  T h e  g r o w t h  r a n g e  f o r  S . l a c r v m a n s  
o f  3°C - 2 5 ° C ,  w i t h  a n  o p t i m u m  o f  2 2 ° C  ( C a r t w r i g h t  &  F i n d l a y ,  
1 9 5 8 ) ,  w o u l d  l i m i t  t h e  o r g a n i s m  t o  p a r t s  o f  a  b u i l d i n g  w h i c h  
w e r e  c o o l e r  t h a n  t h o s e  o p e n  t o  c o l o n i s a t i o n  b y  S . 
h i m a n t i o i d e s  w h i c h ,  w i t h  a  g r o w t h  o p t i m u m  o f  2 8 ° C  
( C a r t w r i g h t  & F i n d l a y ,  1 9 5 8 ) ,  h a s  a  r e q u i r e m e n t  f o r  g r e a t e r  
w a r m t h  t o  d e v e l o p  i t s  f u l l  p o t e n t i a l  f o r  g r o w t h .  I t  i s  
e x p e n s i v e  t o  h e a t  b u i l d i n g s ;  t h e r e f o r e ,  t h e  o r g a n i s m  w h i c h  
c a n  g r o w  a t  l o w  t e m p e r a t u r e s  i s  m o r e  l i k e l y  t o  c o l o n i s e  a 
b u i l d i n g  p r o v i d e d  t h a t  a l l  o t h e r  r e q u i r e m e n t s  f o r  g r o w t h ,  
e . g .  m o i s t u r e ,  a r e  s a t i s f i e d .  E v e n  i n  m o d e r n  c e n t r a l l y  
h e a t e d  b u i l d i n g s  t h e r e  m a y  b e  c o o l e r  p a r t s  w h i c h  
i n a d v e r t e n t l y  b e c o m e  d a m p  a n d  i f  t h e y  a r e  i n a c c e s s i b l e  t o  
r e g u l a r  i n s p e c t i o n ,  e . g .  s u b - f l o o r  c a v i t i e s  a n d  w a l l  s p a c e s ,  
i t  i s  l i k e l y  t h a t  S . l a c r v m a n s  c o u l d  d e v e l o p  u n d e t e c t e d .  S . 
h i m a n t i o i d e s  m a y  h a v e  f e w e r  o p p o r t u n i t i e s  t o  d e v e l o p  i n  
m o d e r n  b u i l d i n g s  s i n c e  t h e  w a r m e r  p a r t s  o f  a  b u i l d i n g  a r e  
m o r e  l i k e l y  t o  b e  d r y  a n d  e a s i l y  v i s i b l e  t o  i n s p e c t i o n .
I f  S. l a c r v m a n s  i s  r e s t r i c t e d  t o  t i m b e r  c o n s t r u c t i o n s  
( C a r t w r i g h t  & F i n d l a y ,  1 9 5 8 )  t h e  i m p l i c a t i o n  m u s t  b e  t h a t  S . 
l a c r v m a n s  d o e s  n o t  h a v e  a  v e r y  l o n g  e v o l u t i o n a r y  h i s t o r y  
w h i c h  m i g h t  b e  c o n f i r m e d  b y  t h e  c o n f o r m i t y  o f  p r o f i l e  
b e t w e e n  m o s t  S. l a c r v m a n s  i s o l a t e s .  S i m i l a r  c o n f o r m i t y  w a s  
n o t e d  b e t w e e n  i s o l a t e s  o f  a g g r e s s i v e  o r  n o n - a g g r e s s i v e  
s t r a i n s  o f  C e r a t o c v s t i s  u l m i  a f t e r  S D S - P A G E  a n a l y s i s  ( J e n g  & 
H u b b e s ,  1 9 8 3 ) ;  a n d  S c o t t  ( 1 9 9 1 )  f o u n d  l i t t l e  o r  n o  
d i f f e r e n c e  b e t w e e n  e l e c t r o p h o r e t i c  p a t t e r n s  o f  P h y t o p h t h o r a  
m e c r a s p e r m a  f r o m  E u r o p e  a n d  A m e r i c a .  H o w e v e r ,  t h i s  c o n f o r m i t y  
i s  a t  o d d s  w i t h  t h e  e x p e c t i o n  o f  v a r i a t i o n  b e t w e e n  
i n d i v i d u a l s  a t  t h e  s p e c i e s  a n d  s u b - s p e c i e s  l e v e l  ( F o s t e r ,
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1 9 4 9 )  w h i c h  w a s  i l l u s t r a t e d  b y  t h e  m o r e  v a r i a b l e  p r o f i l e s  o f  
s o m e  B a s i d i o m y c e t e  i s o l a t e s ,  e . g .  C . p u t e a n a  (McD o w e l l ,
1 9 9 2 )  , P. p l a c e n t a  ( J e l l i s o n ,  p e r s o n a l  c o m m u n i c a t i o n )  a n d  H . 
a n n o s u m  ( G a l b r a i t h ,  p e r s o n a l  c o m m u n i c a t i o n ) ; i s o l a t e s  o f  
P h v t o p h t h o r a  s p e c i e s  ( H a l l ,  Z e n t m e y e r  &  E r w i n ,  1 9 6 9 ) ;  a n d  
s t r a i n s  o f  A s p e r g i l l u s  f u m i q a t u s  ( H e a r n  e t _ a l ., 1 9 9 0 )  w h i c h  
p e r h a p s  r e f l e c t  a  l o n g e r  e v o l u t i o n a r y  h i s t o r y .  H o w e v e r ,  i t  
m a y  b e  t h a t  a  l a r g e r  s c a l e  a n a l y s i s  o f  S. l a c r y m a n s  i s o l a t e s  
f r o m  a r o u n d  t h e  w o r l d  w o u l d  r e v e a l  l e s s  c o n f o r m i t y  i n  
p r o f i l e .  I f  S . l a c r y m a n s  i s  r e s t r i c t e d  t o  b u i l d i n g s  t h e  
o r i g i n  o f  t h e  o r g a n i s m  w o u l d  h a v e  t o  b e  q u e s t i o n e d :  S ♦ 
h i m a n t i o i d e s  m i g h t  b e  t h e  p r e c u r s o r  ' w i l d '  o r g a n i s m  w h i c h  
w a s  i n a d v e r t e n t l y  i n c o r p o r a t e d  i n t o  t h e  f i r s t  t i m b e r  
c o n s t r u c t i o n s  b u t  w h i c h  d e v e l o p e d  i n t o  S. l a c r v m a n s  i n  
t a n d e m  w i t h  t h e  p r o v i s i o n  o f  i n c r e a s i n g l y  f a v o u r a b l e  g r o w t h  
c o n d i t i o n s ,  e . g .  s t a b i l i t y  o f  t e m p e r a t u r e ,  R H  a n d  a i r  
m o v e m e n t s ,  i n  b u i l d i n g s .  T h e  d i f f e r e n c e s  s h o w n  b y  t h e  
p r o t e i n  s i m i l a r i t y  i n d i c e s  o f  s t a n d a r d  m y c e l i u m  o f  S . 
l a c r y m a n s  a n d  i s o l a t e  B F - 0 5 0 ,  a n d  a l s o  o f  S. h i m a n t i o i d e s  
a n d  i s o l a t e  B F - 0 1 5 B ,  h a v e  b e e n  a s c r i b e d  p r e v i o u s l y  i n  t h i s  
t h e s i s  t o  p o s s i b l e  s p e c i a t i o n  s o  i t  i s  e q u a l l y  p o s s i b l e  t h a t  
t h i s  p r o c e s s  l e d  t o  t h e  d i v e r g e n c e  o f  S . l a c r v m a n s  f r o m  S . 
h i m a n t i o i d e s .
I n  s u m m a r y ,  t h i s  p r o j e c t  h a s  s h o w n  t h a t  m o l e c u l a r  
t e c h n i q u e s ,  i n  p a r t i c u l a r  S D S - P A G E / s i l v e r  s t a i n i n g  a n d  
w e s t e r n  b l o t t i n g ,  c a n  b e  s u c c e s s f u l l y  u s e d  t o  d e l i n e a t e  a  
m o l e c u l a r  p r o f i l e  u n i q u e  f o r  S. l a c r v m a n s  a g a i n s t  w h i c h  t h e  
e f f e c t s  o f  s u b s t r a t e  a n d  o t h e r  l a b o r a t o r y  g r o w t h  c o n d i t i o n s  
a n d  g r o w t h  i n  t h e  f i e l d  c o u l d  b e  a s s e s s e d .  I n  a d d i t i o n ,  a  
m e t h o d  w a s  e s t a b l i s h e d  f o r  c o m p a r i s o n  o f  m o l e c u l a r  p r o f i l e s  
a n d  t h e  u s e  o f  m o l e c u l a r  p r o f i l e s  f o r  i d e n t i f i c a t i o n  a n d  
t a x o n o m i c  p u r p o s e s  w a s  i n v e s t i g a t e d .  F u r t h e r  d e v e l o p m e n t  o f
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v a r i o u s  a r e a s ,  e . g .  m o r e  p r e c i s e  a n t i g e n i c  p r o b e s ,  m i g h t  
a l l o w  t h e  d e v e l o p m e n t  o f  a  r o u t i n e  d i a g n o s t i c  t e s t  f o r  S . 
l a c r y m a n s  a n d  i t s  d e t e r m i n a t i o n  i n  f i e l d  c o n d i t i o n s ,  
e s p e c i a l l y  w o o d .  B e c a u s e  t h e y  a r e  m o r e  o b j e c t i v e  t h a n  v i s u a l  
c o m p a r i s o n s  t h e  m o l e c u l a r  a n a l y t i c a l  m e t h o d s  a l l i e d  w i t h  
s i m i l a r i t y  i n d i c e s  u s e d  i n  t h i s  t h e s i s  h a v e  t h e  p o t e n t i a l  t o  
e l i m i n a t e  d i s c r e p a n c i e s  i n  d e s c r i p t i o n  o f  t h e  h a b i t a t  o f  S . 
l a c r y m a n s . A l l  i n v e s t i g a t i v e  t e c h n i q u e s  r e q u i r e  s a m p l e s  t o  
a n a l y s e  a n d  t h e  m o s t  d e t a i l e d  d e s c r i p t i o n s  o f  t h e  s o u r c e  o f  
S . l a c r v m a n s  i n  t h e  o p e n  f o r e s t  a r e  g i v e n  i n  B a g c h e e  ( 1 9 5 4 ) .  
P r o b l e m s  w o u l d  i n e v i t a b l y  b e  a s s o c i a t e d  w i t h  t h e  l o c a t i o n  o f  
a  f u n g u s  w h i c h  w a s  f o u n d  i n  t h e  1 9 5 0 's o n  l o g s  i n  f e l l i n g  
c o u p e s  l o c a t e d  N W  o f  S i m l a  ( P u n j a b ,  I n d i a )  i n  t h e  i n n e r  
H i m a l a y a s  a t  a l t i t u d e s  b e t w e e n  2 4 0 0  - 3 1 5 5 m .  H o w e v e r  a n  
e x p e d i t i o n  i n  t h e  s u m m e r  o f  1 9 9 2  t o  t h e  H i m a l a y a s  s u c c e e d e d  
i n  f i n d i n g  a n  o r g a n i s m  r e s e m b l i n g  S . l a c r v m a n s  i n  a n  a r e a  
w h i c h  w a s  e i g h t e e n  m i l e s  f r o m  h u m a n  h a b i t a t i o n  ( S i n g h ,  
p e r s o n a l  c o m m u n i c a t i o n ) .
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T h is  ap p en d ix  l i s t s  th e  r e a g e n ts  and c h e m ic a ls  m en tio n ed  in  
th e  p r o j e c t .  A ll  c h e m ic a ls  w ere o b ta in e d  from  Sigma C hem ical 
Company L td  u n le s s  s t a t e d  o th e rw is e .
Al SUPPLIERS OF EQUIPMENT AND CHEMICALS.
BDH L td , P o o le , D o rs e t ,  UK.
B io-R ad L a b o r a to r ie s  L td , Hemel H em pstead, 
H e r t f o r d s h i r e ,  UK, HP2 7TD.
B irc h o v e r  In s tru m e n ts  L td , B rid g e  Road, L e tc h w o rth , 
H e r t f o r d s h i r e ,  UK, SG6 4ET.
B o e h rin g e r  Mannheim B io c h im ic a , Lewes, E a s t S ussex , 
UK, EN7 1LG.
F is o n s ,  FSA L a b o ra to ry  S u p p l ie r s ,  Loughborough, UK.
F lu k a  Chemie A .G ., CH-9470 Buchs, S w itz e r la n d .
G allenkam p ( F i s o n s ) .
G len C re s to n  L td , S tanm ore, M id d lesex , UK, HA7 IDA.
M il l ip o r e  (UK) L td , W atfo rd , H e r t f o r d s h i r e ,  UK, WDl 
8YW.
O xoid, UNIPATH, B a s in g s to k e , UK.
Pharm acia-LKB B io te c h n o lo g y , M ilto n  K eynes, 
B u ck in g h am sh ire , UK, MK9 3HP.
P ie r c e ,  R ock fo rd , I l l i n o i s ,  USA.
S c o t t i s h  A ntibody  P ro d u c tio n  U n it, Common H e a lth
S e rv ic e  Agency f o r  th e  S c o t t i s h  H e a lth  S e rv ic e , 
Law H o s p i ta l ,  C a r lu k e , UK, ML8 5ES.
S a r to r i u s  L td , GB-Belmont, S u rre y , UK, SM2 6JD.
Sigma C hem ical Company L td , P o o le , D o rs e t ,  UK, BH17 
7TG.
A2 5% MALT EXTRACT/ 2% AGAR (b o th  w /v ) .
5 g m a lt  e x t r a c t  (Oxoid) and 2 g p u r i f i e d  a g a r  (Oxoid) 
w ere a u to c la v e d  (15 m in, 15 p s i )  in  100 ml u l t r a - p u r e  
w a te r  (u -p) , c o o le d  t o  50°C and e i t h e r  p o u re d  in to  
s t e r i l e  P e t r i  d is h e s  to  a d e p th  o f  8 mm o r  u sed  to  
p r e p a r e  s lo p e s  in  u n iv e r s a l  j a r s  f o r  s to c k  c u l t u r e s .
A3 5% (w/v) MALT EXTRACT BROTH.
5 g m a lt e x t r a c t  b r o th  (Oxoid) in  100 ml u -p  w a te r  was 
a u to c la v e d  (15 m in, 15 p s i )  , c o o le d  t o  50°C and p o u re d  
in to  s t e r i l e  P e t r i  d i s h e s  to  a d e p th  o f  6 mm.
SABOURAUD'S LIQUID MEDIUM SUBSTITUTE.
0.9% sodium  c h lo r id e  (w/v)/2% g lu c o s e  (w /v ) , pH 7 .4  
(O xoid, p e r s o n a l  c o m m u n ica tio n ).
0 .9  g NaCl in  100 ml u -p  w a te r  was a d ju s te d  to  pH
7 .4 ,  a u to c la v e d  (15 p s i ,  15 min) in  100 ml u -p  w a te r  
and c o o le d  to  50°C. 2 g g lu c o se  was a s e p t i c a l l y  added , 
d i s s o lv e d  and th e  medium e i t h e r  was p o u re d  in to  
s t e r i l e  P e t r i  d i s h e s  (0% TN) to  a d e p th  o f  6 mm o r  was 
u se d  w ith  24.8% m y c o lo g ic a l p e p to n e  (A5) to  g iv e  m edia 
w ith  TN c o n te n ts  o f 2.36% , 0.127% and 0.03%.
24.8% (w/v) MYCOLOGICAL PEPTONE.
2 4 .8  g m y c o lo g ic a l p e p to n e  (9.5% TN) (Oxoid) was 
a u to c la v e d  (15 p s i ,  15 min) w ith  100 ml u -p  w a te r ,  
c o o le d  to  50°C and e i t h e r  p o u re d  d i r e c t l y  in to  s t e r i l e  
P e t r i  d i s h e s  (9.5% TN) o r  d i l u t e d  w ith  S a b o u ra u d 's  
l i q u i d  medium s u b s t i t u t e  (A4) p r i o r  t o  p l a t e  
p r e p a r a t io n .
DIFFERENTIAL STAINING OF FUNGUS IN WOOD.
10 |im TLS wood s e c t io n s  w ere c u t i n to  PBS (A7) . 
in d iv id u a l  s e c t io n s  w ere f lo o d e d  w ith  1% aqueous 
s a f r a n i n  f o r  40 s e c ;  w ashed w ith  u -p  w a te r  t i l l  th e  
w a te r  was c l e a r ;  f lo o d e d  w ith  p i c r o - a n i l i n e  b lu e  
s t a i n ;  h e a te d  u n t i l  th e  l i q u i d  j u s t  b o i l e d  and 
im m e d ia te ly  f lo o d e d  w ith  a l a r g e  volum e o f  u -p  w a te r ;  
and w ashed u n t i l  e x c e ss  c o lo u r  had gon e. D e h y d ra tio n  
in  70% e th a n o l  (2 x 30 sec) and a b s o lu te  e th a n o l  (30 
sec ) p re c e d e d  a c l e a r i n g  s ta g e  in  c lo v e  o i l  (30 sec) 
and a x y le n e  wash (30 sec ) p r i o r  to  m oun ting  in  DPX.
PHOSPHATE BUFFERED SALINE lOmM, pH 7 . 4 (PBS).
1. 0.02M s o lu t i o n s  o f  sodium  d i-h y d ro g e n  p h o sp h a te  
( s to c k  s o lu t i o n  A) and d i-so d iu m  hyd rogen  o r th o ­
p h o sp h a te  ( s to c k  s o lu t i o n  B) w ere p re p a re d .
2 . P h o sp h a te  b u f f e r  lOmM, pH 7 .4  (PB) was o b ta in e d  by 
m ix in g  19 ml o f  s to c k  s o lu t i o n  A and 81 ml o f 
s to c k  s o lu t i o n  B w ith  100 ml u -p  w a te r .
3 . PBS was o b ta in e d  by a d d i t io n  o f NaCl to  PB to  a 
f i n a l  c o n c e n t r a t io n  o f 0.15M.
A8 FREUND'S COMPLETE ADJUVANT.
Each ml c o n ta in s  1 mg o f  M ycobacterium  tu b e r c u lo s i s  
(H37Ra, ATCC 2 51 77), h e a t  k i l l e d  and d r ie d ,  0 .8 5  ml 
p a r a f f i n  o i l  and 0 .1 5  ml m annide m o n o -o le a te .
A9 FREUND'S INCOMPLETE ADJUVANT.
Each ml c o n ta in s  0 .8 5  ml p a r a f f i n  o i l  and 0 .1 5  ml 
m annide m o n o -o le a te .
A10 DIG GLYCAN DETECTION KIT, B o e h rin g e r  Mannheim, 
C a ta lo g u e  number 1142372.
A ll  BUFFERS FOR IMMUNOLOGICAL TECHNIQUES.
Each component o f th e  b u f f e r  has been  g iv e n  an 
a b b r e v ia t io n  w hich  w i l l  s u b s e q u e n tly  be u sed  
th ro u g h o u t th e  t e x t .
Component
B ovine serum  album in  
Newborn c a l f  serum  
Norm al donkey serum  
Normal g o a t serum  







B C adb ury ' s M arvel
T Sigma
The num bers u se d  w ith  th e  a b b r e v ia t io n s  in  th e  
fo l lo w in g  t a b l e  o f  b u f f e r s  r e f e r  to  th e  p e rc e n ta g e  
c o n c e n t r a t io n  (w/v o r  v /v )  o f th e  p a r t i c u l a r  component 
in  PBS.
B lo c k in g B lo ck in g D i lu t io n Wash
a g e n t b u f f e r b u f f e r b u f f e r
B PBS/5B PBS/5B PBS/5B
BSA PBS/5BSA PBS/5BSA PBS/5BSA
PBS/3BSA PBS/3BSA PBS/3BSA
PBS/lBSA PBS/lBSA
NCS PBS/5NCS PBS/5NCS PBS/5NCS
PBS/3NCS PBS/3NCS PBS/3NCS
PBS/INCS PBS/lNCS
NDS PBS/5NDS PBS/5NDS PBS/5NDS
PBS/3NDS PBS/3NDS PBS/3NDS
PBS/1NDS PBS/lNDS
NGS PBS/5NGS PBS/5NGS PBS/5NGS
PBS/3NGS PBS/3NGS PBS/3NGS
PBS/1NGS PBS/1NGS
T PB S/0.5T PB S/0.05T PB S/0.05T
T/B PBS/O. 5T/5B PB S/0.05T/5B  PB S/0.05T /5B




A12 MEMBRANES USED IN IMMUNOLOGICAL TECHNIQUES.
Membranes w ere h a n d le d  w ith  g lo v e s  and f o r c e p s ;  and 
c u t  w ith  a g u i l l o t i n e .
N i t r o c e l l u l o s e  (B io-R ad T ra n s b lo t  T r a n s f e r  Medium) was 
w ashed tw ic e  in  u -p  w a te r  and d r i e d  (37°C) p r i o r  to  
u s e .
Im m obilon ( M il l ip o r e  PVDF membrane) was d ip p e d  f o r  30 
se c  in  a n a la r  m eth an o l and t r a n s f e r r e d  to  Anode b u f f e r  
2 (A 2 8 .1 ) p r i o r  to  u s e .
A13 CHROMOGENIC SUBSTRATES.
A ll  s u b s t r a t e  s o lu t i o n s  w ere p re p a re d  im m ed ia te ly  
p r i o r  to  u s e .  10 ml o f  s u b s t r a t e  w ere p r e p a r e d  p e r  15 
cm2 o f  membrane. The r e a c t i o n  was s to p p e d  w ith  2 
w ashes o f u -p  w a te r  and th e  membranes w ere d r ie d  a t  
R /T.
1. 3 , 3 ' -d ia m in o b e n z id in e  t e t r a - h y d r o c h lo r id e  (DAB) 
s u b s t r a t e  s o lu t i o n .
6 mg DAB was d i s s o lv e d  in  10 ml T r i s  (Trizm a b a se ) 
50mM, pH 7 .6  and 10 jil H202 (100 v o ls )  was added 
p r i o r  t o  a d d i t io n  t o  th e  membrane. An o ran g e /b ro w n  
r e a c t i o n  p ro d u c t form ed w i th in  1 - 5  min a f t e r  
c o n s ta n t  ro c k in g .
2 . DAB enhanced  w ith  n i c k e l  c h lo r id e  (DAB/N) s u b s t r a t e  
s o lu t i o n .
6 mg DAB was d is s o lv e d  in  10 ml T r i s  50mM, pH 7 .6  
and 1 ml 0.3% (w/v) n i c k e l  c h lo r id e  was added . 10 
| i l  H202 (10 0 v o ls )  was added  p r i o r  to  a d d i t io n  o f 
th e  s u b s t r a t e  s o lu t i o n  to  th e  membrane. A b la c k  
r e a c t i o n  p ro d u c t form ed w i th in  1 - 5  min a f t e r  
c o n s ta n t  ro c k in g .
3 . 5 - b r o m o - 4 - c h lo r o - 3 - in d o ly l - p h o s p h a te /n i t r o b lu e  
t e t r a z o l iu m  c h lo r id e  (BCPIP/NBT) s u b s t r a t e  
s o lu t i o n .
50 mg BCPIP (A10) was d i s s o lv e d  in  1 ml 
d im eth y lfo rm am id e  (BCPIP s o lu t io n )  and 100 mg NBT 
(A10) was d i s s o lv e d  in  1 .3  ml 70% (v /v ) 
d im e th y lfo rm am id e  (NBT s o l u t i o n ) . Im m ed ia te ly  p r i o r  
to  u se  o f th e  s u b s t r a t e  s o lu t i o n  3 7 .5  BCPIP 
s o lu t i o n  and 50 |i l  NBT s o lu t i o n  w ere added  to  10 ml 
T r i s  b u f f e r  0.1M, pH 9 .5  and th e  f i l t e r  was 
im m ersed w ith  no sh a k in g . The d a rk  p u r p le  r e a c t i o n  
p ro d u c t form ed w i th in  60 m in.
T r i s  b u f f e r  0.1M, pH 9 .5
T rizm a h y d ro c h lo r id e  (T ris-H C l) 0 . 1M was a d ju s te d  
to  pH 9 .5 ;  and MgCl2 (0 .0  5M) and NaCl (0.1M) w ere 
a d d e d .
A14 DOT IMMUNOBINDING PROTOCOL.
Wash w ash b u f f e r x 1
B lock b lo c k in g  b u f f e r 60 m in, R/T, shake
Wash wash b u f f e r x 2
I n c u b a tio n  
w ith  Abl
Abl a t  r e q u i r e d  
c o n c e n t r a t io n  in  
d i l u t i o n  b u f f e r
60 m in, R/T, sh ake
Wash w ash b u f f e r x 5
In c u b a tio n  
in  HRP-Ab2
HRP-Ab2 a t  1 :200 
in  d i l u t i o n  b u f f e r
60 m in, R/T, shake
Wash wash b u f f e r x 5
Wash PBS x 2
D e te c t io n  
Of Ab;Ag 
com plex
DAB s u b s t r a t e
Wash u -p  w a te r x 2
Dry 3 0°C




The fo llo w in g  s u g a rs  w ere p r e p a r e d  in  th e  a p p r o p r ia te  
b u f f e r s  a t  a f i n a l  c o n c e n t r a t io n  o f 0.1M:
D(+ )g lu c o s e .
D(+)m annose.
D(+ )g a l a c t o s e .
N -a c e ty l-D -g lu c o sa m in e .
N -a c e ty l-D -g a la c to s a m in e .
QUENCHING OF ENDOGENOUS PEROXIDASE IN THE ANTIGEN.
20 Hi a n t ig e n  s u p e r n a ta n t  a t  25 mg/ml was added  to  20 
Hi 1 % (v /v ) H202 (100 v o ls )  in  a n a la r  m eth an o l and 
in c u b a te d  a t  R/T f o r  10 m in . 40 Hi PBS was added  p r i o r  
t o  th e  su b se q u e n t d i l u t i o n s  w hich  w ere u se d  in  th e  d o t 
im m unobinding a s s a y .
DETERGENTS.
Sodium d o d e c y ls u lp h a te  (SDS) ( l a u r y l  s u lp h a te ,  sodium  
s a l t ) .
N o n id e t P40 (NP 4 0 ) .
T r i to n  X -100.
Tween 20 (T ) .
T hese w ere p re p a re d  in  PBS a t  a c o n c e n tr a t io n  o f  3%, 
1%, 0.3%, 0.1% and 0.01% f o r  u se  as  th e  sam ple 
e x t r a c t i o n  b u f f e r .
BOILING MIX.
A ll r e a g e n ts  w ere p re p a re d  from  e le c t r o p h o r e s i s  g ra d e  
c h e m ic a ls .
1 8 .1  B o i l in g  m ix .
S ta c k in g  g e l  b u f f e r  
25% (w/v) SDS
1 .0  ml 
0 .8  ml 
0 .5  ml
1 .0  ml
P -m e rc a p to e th a n o l
G ly c e ro l
Brom ophenol b lu e added  f o r  c o lo u r
S ta c k in g  g e l  b u f f e r .
T r i s  (5 .9  g) and SDS (0 .4  g) w ere d i s s o lv e d  in  
80 ml u -p  w a te r ,  th e  pH was a d ju s te d  to  6 .7
18 .2
u s in g  c o n c e n tr a te d  HC1. U-p w a te r  was added  to  
a f i n a l  volum e o f 100 m l.
A19 GLASS BEADS - BDH, 40 m esh.
The r e q u i r e d  c o n c e n tr a t io n  o f  fu n g a l m ycelium  in  1 ml 
PBS was added  to  0 .75  g g l a s s  b ead s in  an ep p e n d o rf  
tu b e  and was v o r te x e d  f o r  5 x 1  min p e r io d s  w ith  
in te r v e n in g  1 min p e r io d s  a t  4°C. A h o le ,  whose 
d ia m e te r  was s m a l le r  th a n  th e  b e a d s , was made in  th e  
b a se  o f th e  ep p e n d o rf  tu b e  and i t  was i n s e r t e d  in to  
th e  p u n c tu re d  l i d  o f  a l a r g e r  tu b e .  T hese tu b e s  w ere 
c e n t r i f u g e d  a t  3000 rpm f o r  10 min and le d  to  
s e p a r a t io n  o f th e  p r o t e in  s o lu t i o n  from  th e  b e a d s . The 
s u p e r n a ta n t  p r o t e i n  s o lu t i o n  was rem oved and , p r i o r  to  
s to r a g e  a t  -2 0°C, b o i l in g  mix was added in  th e  
p r o p o r t io n  o f 2 p a r t s  s u p e r n a ta n t  p r o t e i n  sam p le : 1 
p a r t  b o i l i n g  m ix.
A20 PREPARATION OF SAMPLES FOR ELECTROPHORESIS.
+ means s ta g e  in c lu d e d  in  p r o to c o l .
P r e p a r a t io n  P r e p a r a t io n  P r e - g r in d  a d d i t io n  G rind  P o s t - g r in d  tr e a tm e n t
v a r i a n t s te m p e ra tu re
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A21 PHENYLMETHYL-SULPHONYL FLUORIDE (PMSF).
A 1 .2  mg/ml s o lu t i o n  o f PMSF in  PBS was p re p a re d  by 
i n i t i a l l y  d i s s o lv in g  30 mg PMSF in  1 ml d im e th y l 
s u lp h o x id e  (DMSO) w ith  a su b se q u e n t d i l u t i o n  by PBS. 
The s o lu t i o n  was k e p t a t  4°C u n t i l  u sed  a s  th e  sam ple 
e x t r a c t i o n  b u f f e r .
A22 COOMASSIE PROTEIN ASSAY REAGENT ( P i e r c e ) .
0 .5  ml p r o t e i n  s o lu t io n  and  0 .5  ml C oom assie re a g e n t  
w ere m ixed and th e  a b so rb a n c e  a t  595 nm was r e a d  a f t e r  
2 m in. The p r o t e i n  c o n te n t  o f th e  fu n g a l e x t r a c t  was 
d e te rm in e d  by com p arison  w ith  th e  BSA s ta n d a r d  c u rv e  
(A23).
A23 BOVINE SERUM ALBUMIN.
Album in s ta n d a r d  (BSA f r a c t i o n  V) (P ie rc e )  was u sed  a t  
c o n c e n t r a t io n s  betw een  1 - 2 0  jig/m l in  PBS to  
c o n s t r u c t  th e  s ta n d a r d  c u rv e .
A24 REAGENTS FOR SDS-PAGE.
A ll  c h e m ic a ls  w ere e l e c t r o p h o r e s i s  r e a g e n t  g ra d e .
2 4 .1  G ra d ie n t g e l  a c ry la m id e .
A cry lam id e  (F luka) (2 8 .5  g) and N ,N '-m e th y le n e -  
b i s - a c r y la m id e  (1 .5  g) w ere d i s s o lv e d  in  85 ml u - 
p w a te r  b e f o re  b e in g  made up to  100 ml and 
f i l t e r e d .
2 4 .2  S ta c k in g  g e l  a c ry la m id e .
A cry lam id e  (29 .25  g) and b is - a c r y la m id e  (0 .75  g) 
w ere d i s s o lv e d  in  85 ml u -p  w a te r  b e f o r e  b e in g  
made up to  100 ml and f i l t e r e d .
24 .3  R e so lv in g  g e l  b u f f e r .
T r i s  (18 .15  g) and SDS (0 .4  g) w ere d i s s o lv e d  in  
85 ml u -p  w a te r ,  th e  pH a d ju s te d  to  8 .9  b e fo re  
b e in g  made up to  a f i n a l  volume o f  100 m l.
2 4 .4  S ta c k in g  g e l  b u f f e r  - se e  A 18.2 .
2 4 .5  Ammonium p e r s u lp h a t e .
10% (v /v ) s o lu t i o n  f r e s h ly  p re p a re d  p r i o r  t o  u s e .
2 4 .6  TEMED (N,N,N' ,N ' - te t r a m e th y  1 -e th y le n e  d ia m in e ) .
2 4 .7  B u ta n o l .
A f te r  p o u r in g  th e  r e s o lv in g  g e l  i t  was o v e r la id  
w ith  b u ta n o l  to  p re v e n t  d e s i c c a t io n  d u r in g  
p o ly m e r is a t io n .
2 4 .8  G ly c e r o l .
2 4 .9  E le c tr o d e  b u f f e r .
T r i s  (1 5 .8  g ) , SDS (2 .5  g) and g ly c in e  (10 .0  g) 
w ere  d i s s o lv e d  in  2 .5  1 u -p  w a te r .  S to ra g e  was a t  
4°C p r i o r  to  u s e .
24 .10  B o i l in g  mix - se e  A18.
A25 GEL MIXTURES.
The volum es g iv e n  a re  f o r  one 5-15% g r a d ie n t  g e l  ru n  
on a LKB 2001 V e r t i c a l  e l e c t r o p h o r e s i s  u n i t .
R e so lv in g  g e l  S ta c k in g
g e l
% g e l  c o n c e n t r a t io n  5 15
R eagent
G ra d ie n t g e l  a c ry la m id e (ml) 2 .7 8 .0 -
R e so lv in g  g e l  b u f f e r (ml) 4 .0 4 .0 -
S ta c k in g  g e l  a c ry la m id e (ml) - - 2 .0
S ta c k in g  g e l  b u f f e r (ml) - - 3 .0
U-p w a te r (ml) 9 .3 1 .6 7 .0
G ly c e ro l (ml) - 2 .4
Ammonium p e r s u lp h a te ( |ll) 100 43 .3 100
TEMED ( |ll) 6 .6 6 .6 5 .0
A26 STANDARD PROTEINS.
S ta n d a rd  p r o t e i n s ,  low m o le c u la r  w e ig h t (LMW) and h ig h  
m o le c u la r  w e ig h t (HMW), w ere i n i t i a l l y  p re p a re d  
a c c o rd in g  to  th e  m a n u f a c tu r e r 's  i n s t r u c t i o n s  and 
s to r e d  a t  -20°C in  100 | l l  a l i q u o t s .  P r io r  to  u se  th e y  
w ere d i l u t e d  1 :10 in  P B S :b o il in g  mix (2 :1 ) and h e a te d  
a t  100°C f o r  1 m in.
1. LMW s ta n d a r d  p r o t e in  s o lu t i o n  (SDS-7) in c lu d e d  
m yosin  (205 kD a), p - g a la c to s id a s e  (116 kD a), 
p h o s p h o ry la s e  B (97 .4  kD a), b o v in e  a lbum in  (66
kD a), ovalbum in  (45 kDa) and c a rb o n ic  a n h y d ra se  (2 9 
kDa) .
2 . HMW s ta n d a r d  p r o t e i n  s o lu t i o n  (SDS-6H) in c lu d e d  
b o v in e  a lbum in  (66 k D a), ovalbum in  (45 k D a), 
g ly c e r a ld e h y d e - 3-p h o s p h a te  d eh y d ro g en ase  (36 kD a), 
c a rb o n ic  a n h y d ra se  (29 kD a), try p s in o g e n  (24 kD a), 
t r y p s i n  i n h i b i t o r  (2 0 .1  kDa) and a - 1a c ta lb u m in  
(14 .2  kD a).
A27 SILVER STAINING REAGENTS.
A ll  r e a g e n ts  w ere made w ith  a n a la r  g ra d e  c h e m ic a ls .
P r e t r e a t ,  im p reg n a te  and d e v e lo p  w ere p re p a re d
im m e d ia te ly  p r i o r  t o  u s e .
2 7 .1 F ix .
50% (v /v ) m eth an o l and 12% (v /v ) a c e t i c  a c id  
c o n ta in in g  0 .5  ml o f  37% fo rm aldehyd e  s o lu t i o n  
( F i s o n s ) / I .
27 .2 Wash A - 50% e th a n o l  ( v / v ) .
27 .3 P r e t r e a t .
0.02% (w/v) sodium  t h i o s u l p h a t e . 5H20 (F is o n s ) .
2 7 .4 Im p re g n a te .
0.2% (w/v) s i l v e r  n i t r a t e  (anhydrous) (F iso n s) 
c o n ta in in g  0 .7 5  ml o f 37% fo rm aldehyd e  
s o l u t i o n / 1 .
2 7 .5 D e v e lo p .
6% (w/v) sodium  c a rb o n a te  (anhydrous) and 0 .0004 
(w/v) sodium  t h i o s u l p h a t e . 5H20 c o n ta in in g  0 .5  ml 
37% fo rm aldehyd e  s o lu t i o n / 1 .
2 7 .6 S to p .
50% m ethan o l (v /v ) in  12% (v /v ) a c e t i c  a c id .
2 7 .7 Wash B - 50% (v /v ) m e th an o l.
2 7 .8 R in se  and s t o r e  - u -p  w a te r .
2 7 .9 P re -d ry  1 - 3 0 %  (v /v ) m e th an o l.
27 .10  P re -d ry  2 - 3% (v /v ) g ly c e r o l .
A28 PROTEIN BLOTTING.
2 8 .1  B u f f e r s .
A ll  b u f f e r s  w ere s t o r e d  a t  -2 0°C and  u sed  a t  4°C.
1. Anode b u f f e r  1 .
0.3M T ris -H C l, 20% (v /v ) m e th a n o l, pH 10 .4
T ris-H C l (11 .8 5  g) and a n a la r  m e th an o l (50 ml) 
w ere d i l u t e d  in  200 ml u -p  w a te r ,  pH a d ju s te d  
to  10 .4  and th e  volum e made up to  250 m l.
2 . Anode b u f f e r  2 .
25mM T ris -H C l, 20% (v /v ) m e th a n o l, pH 10 .4
T ris-H C l (0 .9875  g) and a n a la r  m ethan o l (50 
ml) w ere d i l u t e d  in  200 ml o f u -p  w a te r ,  pH 
a d ju s te d  to  1 0 .4  and th e  volum e made up to  250 
m l.
3 . C athode b u f f e r .
20mM T ris -H C l, 40mM a m in o -c a p ro ic  a c id ,  20% 
(v /v ) m e th an o l, pH 9 .4
T ris-H C l (0 .79  g ) , a m in o -c a p ro ic  a c id  (1 .312 
g) and m ethan o l (50 ml) w ere d i l u t e d  in  200 ml 
u -p  w a te r ,  pH to  9 .4  and made up to  250 m l.
2 8 .2  S a r to b lo t  a p p a r a tu s .
B e fo re  u se  t h i s  was c o o le d  to  4°C and th e  
g r a p h i t e  e le c t r o d e s  w iped  c le a n  w ith  u -p  w a te r .
The m a n u f a c tu r e r 's  p r o to c o l  was fo llo w e d  e x c e p t 
t h a t  th e  b l o t t i n g  p ro c e s s  was c a r r i e d  o u t a t  0 .8  
mA/cm2 o f g e l  f o r  3 0 min a t  4°C fo llo w e d  by 1 .2  
mA/cm2 o f g e l  f o r  a f u r t h e r  30 m in.
2 8 .3  C hrom atography p a p e r .
P r io r  to  assem b ly  o f  th e  b l o t t i n g  's a n d w ic h ' 
ch rom ato g raph y  p a p e r  was c u t  i n to  6 s h e e ts  th e  
s i z e  o f th e  g e l/m em b ran e .
A29 INDIA INK SOLUTION.
P e l ik a n  Fount I n d ia  D raw ing in k , No. 518 (b la ck ) a t  
0.0001% (v /v ) in  PBS/0 . 05%T.
A30 PROTEIN BLOTTING PARAMETERS.
E x p e rim e n ta l p a ra m e te rs  i n v e s t i g a t e d  in  th e  im provem ent 
o f  d e f i n i t i o n  o f  v i s u a l i s e d  a n t ig e n s .
P a ra m e te r  V a r i a t io n  t e s t e d
Membrane N i t r o c e l l u l o s e ,  Im m obilon (A12)
B lo t t in g  B io-R ad T ra n s -B lo t  250 mA, o /n ig h t ,  4°C.
c o n d i t io n s
S a r to b lo t  I I
Sample
p r e p a r a t io n  
Ag c o n e .
G rin d in g
D ilu e n t
T em p era tu re
f o r  sam p les 6 .2 5 , 3 .1 2 5 ,
Abl D i lu t io n s
In c u b a tio n
T em p era tu re
HRP-Ab2 D ilu t io n s
Chromogen DAB, DAB/N
92 mA, 3 h , 4°C.
(A28) 1 mA/cm2 g e l ,  60 m in.
0 .8  mA/cm2 g e l  p lu s
1 .2  mA/cm2 g e l  - b o th  
30 m in, 4°C.
M o r t a r / p e s t l e .
G la ss  b ead s (A19)
PBS, b o i l in g  mix o r  PMSF 
s o lu t i o n  (A20)
4°C, R/T, 100°C (A20)
1 .5 6  and 0 .7 8  m g/m l.
1 :4 0 0 , 1 :8 0 0 , 1 :1 6 0 0 , 1 :3 2 0 0 .
60 m in, o v e rn ig h t  o r  3 d a y s . 
R/T o r  4°C.
1 :1 0 0 , 1 :2 0 0 , 1 :4 0 0 .
(A13)
B u ffe rs PBS p lu s  NCS, T and B (A ll)
A31 GLYCAN DETECTION.
R eag en ts  r e q u i r e d  in  a d d i t io n  to  th o s e  s u p p l ie d  w ith  
th e  B o e h rin g e r  G lycan D e te c t io n  k i t  (A 10).
3 1 .1  T r i s  b u f f e r e d  s a l i n e  (TBS), pH 7 .5
0.05M T ris-H C l c o n ta in in g  NaCl (0.15M) was 
a d ju s te d  to  a pH o f 7 .5  p r i o r  to  f i n a l  volum e.
31 .2  Sodium a c e t a t e  b u f f e r  0.01M, pH 5 .5
0.01M sodium  a c e t a t e  was a d ju s te d  t o  pH 5 .5  b e f o re  
b e in g  made up to  f i n a l  volum e.
31 .3  T r i s  b u f f e r , pH 9 .5
0 . 1M T ris-H C l p lu s  MgCl2 (0.05M) and NaCl (0.1M) 
was a d ju s te d  to  pH 9 .5  p r i o r  to  f i n a l  volum e.
3 1 .4  D im ethy l fo rm am ide .
3 1 .5  PBS, pH 6 .5
0.05M p o ta s s iu m  p h o sp h a te  p lu s  NaCl (0.15M) was 
a d ju s te d  to  pH 6 .5  p r i o r  to  f i n a l  volum e.
A32 LECTINS FOR GLYCAN DETECTION.
3 2 .1  P e ro x id a se  l a b e l l e d  l e c t i n s .
1 . C o n c an av a lin  A (Con A) from  C a n a v a lia  
e n s i f o r m is .
2 . Wheat germ a g g lu t in in  (WGA) from  T r it ic u m  
v u l g a r i s .
T hese w ere r e c o n s t i t u t e d  a c c o rd in g  to  th e  
m a n u f a c tu r e r 's  i n s t r u c t i o n s  and s t o r e d  in  25 Hi 
a l i q u o t s  a t  -20°C.
32 .2  D ilu e n ts  and b u f f e r s  f o r  p e ro x id a s e  l a b e l l e d  
l e c t i n s .
Con A a s sa y WGA a s sa y
D ilu e n t f o r  
l y o p h i l i s e d  
l e c t i n
PBS 0.01M, pH 6 .8  
w ith  CaCl2 0. ImM 
and MnCl2 O.OlmM
PBS 0.01M, pH 6 .8
C o n c e n tra t io n  
o f  l e c t i n  in
a s sa y  2 .5  (lg/|Lil 2 0
B u f f e r s .
B lock
D i lu t io n
Wash
T r i s / 0 . 5 T /s a l in e  PBS/0.5T 
T r i s / 0 . 0 5 T /s a l in e  PBS/0.05T
T r i s / 0 . 0 5 T /s a l in e  PB S/0.05T
32 .3  T r i s / T / s a l i n e  b u f f e r , pH 7 .5
0.01M T ris-H C l was a d ju s te d  to  pH 7 .5 ,  a f t e r  w hich 
NaCl (0.15M ), CaCl2 (O.lmM) and MnCl2 (O.OlmM) 
w ere  added . T was s u b s e q u e n tly  added  a t  a 
c o n c e n t r a t io n  o f  e i t h e r  0.5% o r 0.05% ( v / v ) .
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Summary
Im m u n o b lo t t in g  m e th o d s , in  p a r t i c u l a r  d o t  an d  W e s te rn  b l o t t i n g  h a v e  
b e e n u s e d to i n v e s t i g a t e f e a t u r e s o f a v a r i e t y o f wood d e c a y  
o r g a n is m s ,  i n  p a r t i c u l a r  C . v e r s i c o l o r . L ,1 e n id e u s  an d  S . l a c r v m a n s . 
A n t i s e r a to e a c h o f t h e s e d e c a y o rg a n is m s h a s b e e n p r o d u c e d by
im m u n is a tio n  o f  r a b b i t s  w i th  l i q u i d  c u l t u r e  grow n h y p h a e . T h ese  
a n t i s e r a , a f t e r a p p r o p r i a t e p r e a b s o r p t i o n w i th s a w d u s t h a v e b e e n  u s e d  
t o d e t e c t d e c a y o rg a n is m s grow n in t h e i r n a t u r a l s u b s t r a t e , i . e . w ood.
P r o d u c t io n  o f  a sem i - q u a n t i t a t i v e  a s s a y  f o r  C . v e r s i c o l o r  a l lo w e d  th e  
r e l a t i o n s h i p o t a n t i g e n c o n t e n t to w e ig h t l o s s to be i n v e s t i g a t e d in  
wood b lo c k e x p e r im e n t s . U n in f e c t e d b lo c k s c o n t a i n e d no d e t e c t a b l e  
a n t i g e n . In i n f e c t e d b lo c k s a n t i g e n c o u ld be d e t e c t e d , h o w e v e r a n t i g e n  
c o n t e n t a p p e a r e d to be h i g h e r in e x t r a c t s from b lo c k s w i th low l e v e l s  
of w e ig h t l o s s co m p ared to e x t r a c t s from b lo c k s w i th h ig h w e ig h t l o s s .
W e s te rn  b l o t t i n g ,  d e s ig n e d  to  i d e n t i f y  th e  a n t i g e n i c  s p e c i e s  p r e s e n t  
in d i f f e r e n t c u l t u r e s o f C . v e r s i c o l o r , i n d i c a t e d t h a t t h e a n t i g e n i c  
n a tu r e o f th e o rg a n is m d e p e n d s upon i t s s u b s t r a t e an d t h a t d u r i n g th e  
d e c a y p r o c e s s th e n a tu r e o f a n t i g e n s p ro d u c e d by C , v e r s i c o l o r c h a n g e d , 
i . e . a n t i g e n s o f d i f f e r e n t m o le c u la r w e ig h ts w e re d e t e c t e d .
A p p l i c a t i o n  o f  th e  W e s te rn  h l o t t i n g  t e c h n iq u e  to  tw o s t r a i n s  o f  
S , i a c rv m a n s i n d i c a t e d t h a t th e v c o u ld e a s i l y he d i s t i n g u i s h e d by  t h e i r  
a n t i g e n i c n a t u r e an d t h i s t e c h n iq u e may h a v e i m p l i c a t i o n s f o r f u n g a l  
c 1a s s i f i ca t  i o r).
T h ese  i n v e s t i g a t i o n s  i n d i c a t e  t h a t  im m u n o lo g ic a l  m e th o d s  h a v e  
c o n s i d e r a b l e p o t e n t i a l f o r th e d e t e c t i o n o f d e c a y o rg a n is m s and  f o r  
th e s tu d y o f th e d e c a y p r o c e s s i t s e l f .
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Introduction
R a p id  m e th o d s  f o r  t h e  im m u n o lo g ic a l  d e t e c t i o n  an d  i d e n t i f i c a t i o n  o f  
wood d e c a y b a s i d io m y c e t e s g r e a t l y e n h a n c e th e ra n g e o f s t u d i e s w h ich  
c a n be u n d e r t a k e n . W h i l s t i t i s c u r r e n t l y p o s s i b l e to d e t e c t  
o rg a n is m s  by  c l a s s i c a l  c u l t u r a l  s t u d i e s  su c h  m e th o d s  a r e  tim e
c o n s u m in g a n d do n o t g iv e an a d e q u a te r e p r e s e n t a t i o n o f th e m ic r o b i a l
d i s t r i b u t i o n w i t h i n a wood s a m p le .
A p o s s i b l e  m e th o d  f o r  o v e rc o m in g  s u c h  l i m i t a t i o n s  o f  i s  th e  u s e  o f 
I m m u n o lo g ic a l ly b a s e d p r o b e s . The d e v e lo p m e n t o f im m u n o lo g ic a l p ro b e s  
r e l i e s u p o n t h e a b i l i t y o f h i g h e r a n im a ls to p ro d u c e s p e c i f i c  
a n t i b o d i e s a g a i n s t f o r e i g n m a t e r i a l s ( a n t i g e n s ) e n c o u n te r e d bv  t h e i r  
immune s y s te m s . T h e s e a n t i b o d i e s , p r e s e n t in se ru m and c o n s t i t u t i n g  
t h e a c t i v e co m p o n e n t o f a n a n t i s e r u m , w i l l r e a c t w i th a n t i g e n b o th in  
th e a n im a l an d in in v i t r o t e s t s . By l a b e l l i n g , o r t a g g i n g th e  
a n t i b o d y i n some w ay, f o r ex am p le w i th an enzym e o r a f l u o r e s c e n t  d y e , 
i t i s p o s s i b l e t o v i s u a l i s e th e r e a c t i o n o f an a n t i b o d y w i th i t s  
a n t i g e n in an in v i t r o t e s t . S uch t e s t s , w h ich form th e b a s i s o f  th e  
s e t o f t e c h n i q u e s te rm e d ' Im m u n o te c h n o lo g v ' , c a n Vie u s e d to a s s a y an 
a n t i g e n o r th e o rg a n is m from w h ich i t co m es, to d e t e c t a n t i g e n  
m i c r o s c o p i c a l l y ( a t th e l i g h t o r e l e c t r o n m ic r o s c o p e l e v e l ) , to  
a n a l y s e th e m o le c u la r n a t u r e o f an a n t i g e n , to s tu d v i t s d e v e lo p m e n t 
an d m e ta b o l i s m , o r a w id e rangt* o f o t h e r f e a t u r e s o f a s p e c i f i c  
a n t i g e n . W h i l s t a n t i b o d i e s a r e u s u a l l y p ro d u c e d a g a i n s t a n im a l 
p a th o g e n s a lm o s t an y m o le c u le c an be in d u c t ’d to p ro d u c e an a n t i b o d i e s  
(a n d h e n c e an a n t i s e r u m ) w i t h i n an e x p e r im e n ta l a n im a l g iv e n s u i t a b l e  
p r o t o c o l s .
D e s p i t e  t h e  w id e  u s e  o f  1 rm nuno techno1ogv in  v a r io u s  f i e l d s  of b io lo g y  
i t s a p p l i c a t i o n to th e s tu d y o f wood d e c a y h a s id io m v c e t e s h a s o ttlv  
r e c e n t l y b e e n i n v e s t i g a t e d (G o o d e l l an d J e l l i s o n 10 8 f>. J e l l i s o n and  
G o o d e l l 1 9 8 6 , P a l f r e v m a n e t a l 1 9 8 7 ) . H ow ever th e l a r g e ra n g e of 
a v a i l a b l e t e c h n i q u e s i n d i c a t e th e p o t e n t i a l t h a t t h i s t e c lm o lo g v  h a s  
i n th e s tu d y o f b o th th e wood d e c a y b a s i d io m y c e t e s and th e wood d .c a v  
p r o c e s s i t s e l f .
T h is  p a p e r  s u m m a r is e s  t h e  i n i t i a l  r e s u l t s  o f  s t u d i e s  made w ith  
a n t i s e r a t o a v a r i e t y o f d e c a y o r g a n is m s , in p a i t i c u l a r C . v e r s i c o l  o r . 
L .1 e p id e u s an d S . l a c r v m a n s . Two ty p e s o f im m u n o lo g ic a l t e c h n iq u e hav, 
b e e n u t i l i s e d i n t h i s p r e s e n t s t u d y , v i z . im m uno-dot b l o t t i n g am i 
W e s te rn b l o t t i n g . B o th o f t h e s e t e c h n i q u e s u t i l i s e th e a b i l i t y of 
n i t r o c e l l u l o s e m em b ran es to b in d a n t i g e n s an d th e s u b s e q u e n t a b i l i t y  
o f  a n t i b o d i e s  t o  d e t e c t  b o u n d  a n t i g e n s .  In  th e  d o t  b l o t t i n g  t e c h n iq u e
s im p le p r e s e n c e o r a b s e n c e o f an a n t i b o d y / a n t i g e n r e a c t i o n i s
d e t e c t e d , i n th e W e s te rn b lo t: a n t i g e n s a r e s e p a r a t e d
e 1e c t . r o p h o r e t i c a  11 y p r i o r to b l o t t i n g an d th e r e l a t i v e  m o le c u la r
w e ig h t s o f a n t i g e n s c a n be e s t i m a t e d .
Materials and Methods
The o rg a n is m s  u s e d  i n  t h i s  s t u d y ,  C o r io lu s  v e r s i c o l o r  (L ex  F r )  Q u e le t  
( FPRL 2 8 A ), S te re u m s a n e u in o le n tu m (A lb & S ch w e ln ex F r ) F r (FPRL 
2 7 D ), L e n t in u s l e n i d e u s (F r ex F r ) F r (FPRL 7 F ) , G lo e o p h v llu m tra b e u m  
(BAM(EDW)1 0 9 ) , G . s e p i a r i u m (W u lfen ex F r) K a r s t e n (FPRL 1 0 D ), 
S c h iz o p h v l lu m commune F r (FPRL 9 ) , an d S e r p u la la c rv m a n s (S ch u m ach er 
ex F r ) G ray CMI 79 125 (FPRL 12C) an d CMI 152 2 3 3 , w ere s u p p l i e d by Dr 
A .B r a v e ry o f th e B u i ld in g R e s e a rc h L a b o r a to r y , P r i n c e s R is b o ro u g h ,
U .K . .
A l l  a n t i g e n s  u s e d  in  t h i s  s tu d y  w ere  p r e p a r e d  fro m  l i q u i d  c u l t u r e  
grow n o r g a n is m s , h a r v e s t e d an d w ash ed b r i e f l y i n d e i o n i s e d w a t e r ,  
f r e e z e d r i e d an d s t o r e d a t -20oC u n t i l u s e . Such p r e p a r a t i o n s w ere  
g ro u n d up in p h o s p h a te b u f f e r e d s a l i n e (PBS) an d a s u p e r n a t a n t s  
p r e p a r e d f o r d o t b l o t a s s a y an d so d iu m d o d e c y l s u l p h a t e (SDS) e x t r a c t s  
f o r W e s te rn b l o t t i n g . A n t i s e r a u s e d in th e s e s t u d i e s w ere r a i s e d in  
r a b b i t s by m u l t i p l e s u b c u ta n e o u s i n j e c t i o n s PBS e x t r a c t s e m u l s i f i e d  i n  
F re u n d s c o m p le te a d ju v a n t . A p p ro x im a te ly 2ml o f im m unogen w as i n j e c t e d  
i n t o e a c h a n im a l c o r r e s p o n d in g to lOmg o f a n t i g e n . A f t e r b o o s t e r  
im m u n is a t io n s w i th a n t i g e n in in c o m p le te a d ju v a n t a n im a ls w ere b l e d  
r e g u l a r l y a t a p p r o x im a te ly f o r t n i g h t l y i n t e r v a l s .
A n t i s e r a  d e v e lo p m e n t an d  th e  d e t e c t i o n  o f  a n t i g e n s  u s i n g  t h e s e  
a n t i s e r a w ere by th e im m uno-do t b l o t m eth o d w h ic h w i l l be d e s c r ib e d  in  
d e t a i l e l s e w h e r e (G la n c y e t a 1 m a n u s c r ip t in p r e p a r a t i o n ) . B r i e f l y ,  
a n tig e n ? ; from th e a p p r o p r i a t e o rg a n is m , v i z . e i t h e r an o rg a n is m  
a g a i n s t w h ic li a n t i s e r u m h ad b e en r a i s e d o r an one w h ic h w as b e in g  
t e s t e d f o r c r o s s r e a c t i v i t y , w ere e x t r a c t e d a s d e s c r ib e d a b o v e in  PBS 
an d th e n a b s o r b e d o n to d e io n i s e d w a te r w ash ed n i t r o c e l l u l o s e s t r i p s  
f o l lo w e d by a i r d r y i n g . A f t e r b lo c k in g of e x c e s s a n t i g e n b i n d in g s i t e s  
by i n c u b a t i o n o f th e s t r i p s in PBS c o n t a i n i n g 0.5% T w een, 5% n ew b o rn  
c a l f se ru m f o r 60 m in a t room te m p e r a tu r e , th e s t r i p s w ere i n c u b a t e d  
w i th a p p r o p r i a t e l y d i l u t e d ( i n PBS c o n t a i n i n g 0.05% Tw een, 5% n ew b o rn  
c a l f s e ru m ) a n t i s e r u m a t room te m p e r a tu r e f o r 60 m in . A f t e r 6 w ash es  
w i th TBS c o n t a i n i n g 0.05% Tween th e s t r i p s w ere i n c u b a t e d w i th d i l u t e d  
p e r o x id a s e l i n k e d a n t i r a b b i t se rum (fro m th e S c o t t i s h A n tib o d y  
P r o d u c t io n U n i t , C a r lu k e , L a n a r k s h i r e , U .K .) f o r a f u r t h e r 60 m in a t  
room te m p e r a tu r e th e n w ash ed and i n c u b a t e d w i th th e p e r o x id a s e  
s u b s t r a t e d ia m in o - b e n z id in e and h y d ro g e n p e r o x id e .
W e s te rn  b l o t t i n g  was e s s e n t i a l l y  by th e  m eth o d  o f  Tow bin an d  G ordon  
(1 9 8 6 ) w i th m o d i f i c a t i o n s w h ich w i l l be d e s c r ib e d in d e t a i l e ls e w h e r e  
(G la n c y et. a l m a n u s c r ip t in p r e p a r a t i o n ) . B r i e f l y s a m p le s w ere  
e x t r a c t e d i n t o b o i l i n g m ix (T ow bin and G ordon 1 9 8 6 ) , e l e c t r o p h o r e s e d  
on 7.5% SDS p o ly a c r y l a m id e g e l s , e l e c t r o b ] o t t e d o n to n i t r o c e l l u l o s e  
th e n d e t e c t e d u s i n g a p p r o p r i a t e l y d i l u t e d a n t i s e r u m f o l lo w e d by 
p e r o x id a s e l i n k e d a n t i r a b b i t se ru m . A n tib o d y b i n d in g w as a g a in  
v i s u a l i s e d by d ia m in o - b e n z i d i n o .
When a s s a y i n g  wood s a m p le s  f o r  a n t i g e n ,  b lo c k s  w ere  g ro u n d  up t o  a 
f i n e s a w d u s t an d a n t i g e n s e x t r a c t e d i n t o PBS. A l l a n t i s e r a u s e d f o r  
d e t e c t i n g wood grow n h y p h a e w ere p r e in c u b a t e d w i th sa w d u s t (2m g/m l)
p r i o r  t o  u s e  t o  r e d u c e  n o n - s p e c i f i c  r e a c t i o n s  b e tw e e n  wood an d  
a n t i s e r a .  W here a p p r o p r i a t e ,  a n t i s e r a  w e re  p r e in c u b a t e d  w i th  h y p h a l  
e x t r a c t s ,  2 m g /m l, t o  rem ove c r o s s  r e a c t i n g  a n t i b o d i e s .  B o th  t y p e s  o f  
p r e i n c u b a t i o n  w e re  c a r r i e d  o u t  f o r  60 m in  a t  room  t e m p e r a t u r e .
S e m iq u a n t i t i v e  a n a l y s i s  o f  d o t  b l o t  im m u n o assay s  w as a c h i e v e d  by  
r e n d e r i n g  t h e  n i t r o c e l l u l o s e  t r a n s p a r e n t  w i th  x y le n e  f o l lo w e d  by 
s c a n n in g  d e n s i t o m e t r y  w i th  a n  LKB l a s e r  d e n s i t o m e t e r .  A s c a n  w h ic h  
r e l a t e s  p e a k  h e i g h t  t o  i n t e n s i t y  o f  th e  im m u n o -d o t i s  p r o d u c e d  from  
w h ic h  a s e m i - q u a n t i t a t i v e  a n a l y s i s  may be  made ( P a l f r e y m a n  e t  a l  
1 9 8 8 ) .
R e s u l t s  a n d  D i s c u s s io n
A n t i s e r a  a g a i n s t  a l l  t h r e e  o r g a n is m s  s t u d i e d  r e a c t e d  s t r o n g l y  i n  th e  
im m u n o -d o t b l o t  a s s a y  w i th  th e  a p p r o p r i a t e  a n t i g e n .  C ro s s  r e a c t i v i t y  
w i th  o t h e r  f u n g i  w as n o t e d  f o r  e a c h  o f  t h e  a n t i s e r a ,  l i t t l e  s u c h  
r e a c t i v i t y ,  h o w e v e r , w as fo u n d  w i th  n o n - b a s id io m y c e t e s  (G la n c y  e t  a 1 
m a n u s c r i p t  i n  p r e p a r a t i o n ) .  A n t i s e r a  c r o s s  r e a c t i v i t y  w i th  
i n a p p r o p r i a t e  b a s i d i o m y c e t e s , i . e .  n o t  t h e  im m u n is in g  o r g a n is m , c o u ld  
be  m a rk e d ly  r e d u c e d  b y  p r e a b s o r p t i o n  o f  a n t i s e r u m  w i th  a n t i g e n .  S e l­
l a b l e  1 f o r  C . v e r s i c o l o r . T hus a l t h o u g h  th e  C , v e r s i c o l o r  a n t i s e r u m  
r e a c t e d  w i th  S . s a n g u in o le n tu m . S . com m une. L . l e p i d e u s . G . s e p i a r i u in  and  
G , t r a b e u m  t h i s  c r o s s  r e a c t i v i t y  c o u ld  b e  e f f e c t i v e l y  rem o v ed  by 
p r e i n c u b a t i o n  w i th  L . l e p i d e u s  an d  S . s a n p u i  n o l e n tu m . D i f f e r e n t  
c o m b in a t i o n s  o f  o r g a n is m s  c o u ld  r e n d e r  t h e  o t h e r  a n t i s e r a  o rg a n is m  
s p e c i f i c .
TABLE 1
E f f e c t  o f  p r e a b s o r p t i o n  o f  C , v e r s i c o l o r  a n t i s e r u m  on th e  r e a c t i o n  w il l  
v a r i o u s  b a s i d io m y c e t e s  i n  th e  im m unodot b l o t  m e th o d .
C . v e r s i c o l o r  a n t i s e r u m  was p r e i n c u b a t e d  w i th  e x t r a c t s  o f  L , l e p i d e u s  
an d  S . s a n g u i n o le n t u m . The p r e a b s o r b e d  a n t i s e r u m  w as th e n  t e s t e d  f o r  
i t s  ^ r e a c t io n  a g a i n s t  a num ber o f  o t h e r  b a s id io m y c e t e  o r g a n is m s .  The 
r e a c t i o n  o f  t h e  a n t i s e r u m  w i th  h y p h a l  e x t r a c t s  i s  r a t e d  from  
++++ to  - .
O rg a n ism a n d  S . s a n e u in o le n tu m
C . v e r s i c o l o r + + + + + +
S . s a n E u in o le n tu m + + +
S . commune + + +
L . le D i d e u s + + +
G . s e o i a r i u m +++ -
G . tra b e u m + + + + +
■ | _ _  .. l«aPSgCTi>llW!W»
The a p p a r e n t  c h a n g e s  i n  a n t i g e n  c o n c e n t r a t i o n  fo u n d  a t  d i f f e r e n t  
w e ig h t  l o s s e s  i n d i c a t e d  e i t h e r  t h a t  t h e r e  w ere  s i m i l a r  c h a n g e s  i n  
h y p h a l  m ass w i t h i n  th e  wood b l o c k s ,  o r  t h a t  f u r t h e r  c h a n g e s  i n  
a n t i g e n i c  n a t u r e  w e re  o c c u r in g  d u r in g  th e  l a t e r  s t a g e s  o f  d e c a y . 
W e s te rn  b l o t t i n g  o f  e x t r a c t s  fro m  d e c a y e d  b lo c k s  w as u s e d  t o  t e s t  th e  
v a l i d i t y  o f  t h e s e  h y p o th e s e s  ( F ig  1 ) .  A l i q u i d  c u l t u r e  g row n h y p h a l  
e x t a c t  ( t r a c k  2 ) i s  c o m p ared  i n  t h i s  f i g u r e  w i th  e x t r a c t s  fro m  b lo c k s  
sh o w in g  low  w e ig h t  l o s s  ( i . e  w e ig h t  l o s s  o f  <10%, t r a c k s  7 -1 2 )  and  
th o s e  sh o w in g  h ig h  w e ig h t  l o s s  ( i . e .  w e ig h t  l o s s  >10%, t r a c k  3 - 6 ) .  
C o n s i d e r a b l e  d i f f e r e n c e s  i n  th e  a n t i g e n s  d e t e c t e d  i n  t h e s e  v a r io u s  
t r a c k s  a r e  a p p a r e n t .
F ig .  1 . W e s te rn  b l o t s  o f  C . v e r s i c o l o r  d e c a y e d  wood b l o c k s .
T r a c k s  1 an d  13 m o le c u la r  w e ig h t  m a r k e r s ,  t r a c k  2 an  e x t r a c t  o f  l i q u i d  
c u l t u r e  g row n h y p h a e , t r a c k s  3 -6  i n f e c t e d  wood b l o c k s  s h o w in g  h ig h  
w e ig h t  l o s s  (> 10% ), t r a c k s  7 -1 2  i n f e c t e d  b lo c k s  sh o w in g  <10% w e ig h t  
l o s s  .
The r e s u l t s  show n in  F ig  1 i l l u s t r a t e  t h a t  d i f f e r e n t  a n t i g e n i c  s p e c i e s  
a r e  p r e s e n t  a t  d i f f e r e n t  s t a g e s  o f  d e c a y . They a l s o  d e m o n s t r a t e  th e  
t h e  p o t e n t i a l  o f  t h e  W e s te rn  b l o t t i n g  t e c h n iq u e  f o r  s t u d y i n g  th e  
a n t i g e n i c  n a t u r e ,  an d  h e n c e  th e  m o le c u la r  s t r u c t u r e ,  o f  wood d e c a y  
f u n g i .  To t e s t  i f  t h i s  m eth o d  c o u ld  a l s o  b e  u s e d  a s  an  a i d  to  
c l a s s i f i c a t i o n ,  W e s te rn  b l o t t i n g  o f  tw o s t r a i n s  o f  th e  d e c a y  f u n g i  
S , la c rv m a n s  w as c a r r i e d  o u t  u s i n g  an  a n t i s e r u m  d e v e lo p e d  a g a i n s t  t h i s  
b a s i d i o m y c e t e .
The r e s u l t s  o f  t h i s  e x p e r im e n t  a r e  show n in  T a b le  3 . A t l e a s t  13 
a n t i g e n s  w e re  d e t e c t e d  i n  S , la c rv m a n s  s t r a i n  FPRL 12C an d  12 a n t i g e n s  
i n  s t r a i n  CMI 152 2 3 3 . The a c t u a l  m o le c u la r  w e ig h ts  o f  th e  a n t i g e n s  
i d e n t i f i e d  a r e  r e p o r t e d  i n  T a b le  3.
TABLE 3
A n t ig e n s  o f  S . la c rv m a n s  s t r a i n s  d e t e c t e d  by  W e s te rn  b l o t t i n g .
S . la c rv m a n s FPRL 12C CM1 152 2
162 162
m o le c u la r 120 120
we i  gh t 100 100
o f  m a jo r 87
a n t i g e n s 76 76
6 4 .5 6 4 .5
( x ! 0  ) 5 7 .5 57 . 5
47 47
3 1 .5 3 1 .5
2 2 .5 22 . 5
19
1 3 .5 13 . 5
9 9
8
A n t ig e n s  fro m  two s t r a i n s  o f  S . la c rv m a n s  w e re  s e p a r a t e d  
e l e c t r o p h o r e t i c a l l y  an d  d e t e c t e d  w i th  th e  S . i a c rv m a n s  a n t i s e r u m  bv tin  
W e s te rn  b l o t t i n g  t e c h n i q u e .  The m o le c u la r  w e ig h t  o f  th e  a n t i g e n s  
d e t e c t e d  w as d e te r m in e d  by  c o m p a r in g  th e  r e l a t i v e  m o b i l i t y  of a n t i g e n  
b a n d s  w i th  th e  m o b i l i t y  o f  s t a n d a r d  m o le c u la r  w e ig h t  m a rk e r  p r o t e i n s .
From t h e s e  r e s u l t s  i t  c a n  b e  s e e n  t h a t  two a n t i g e n s  (m ol wt. 8 /,fK il) am  
1 9 ,0 0 0 )  p r e s e n t  i n  FPRL 12C a r e  a b s e n t  i n  152 2 3 3 , an d  one a n t i g e n  
(m ol w t 8 ,0 0 0 )  i s  p r e s e n t  i n  th e  l a t t e r  and  i s  a b s e n t  fron t FI'Rb l . ’C.
C o n c lu s io n s
The r e s u l t s  o f  t h i s  s t u d y  i n d i c a t e  t h a t  s e n s i t i v e  an d  s p e c i f i c  
im m u n o b lo t t in g  a s s a y s  a g a i n s t  wood d e c a y  f u n g i  c a n  be  d e v e lo p e d  w ith  
r e a g e n t s  p r o d u c e d  a g a i n s t  h y p h a l  e x t r a c t s .  T h es e  a s s a y s ,  and  
a s s o c i a t e d  t e c h n i q u e s  c a n  b e  u s e d  t o  s t u d y  o r g a n is m s  d u r i n g  th e  d e ca y  
p r o c e s s  an d  i n d i c a t e  t h a t  th e  a n t i g e n i c ,  an d  h e n c e  m o le c u la r ,  
s t r u c t u r e  o f  t h e s e  o r g a n is m s  c h a n g e s  d u r i n g  d e c a y .  Our r e s u l t s  hav e  
b e e n  o b t a i n e d  w i th  p o l y c l o n a l  a n t i s e r a ,  th e  d e v e lo p m e n t o f  m o n o c lo n a l 
a n t i b o d y  b a s e d  r e a g e n t s  i n  th e  f u t u r e  c a n  o n ly  e n h a n c e  th e  v a lu e  o f 
im m u n o lo g ic a l  m e th o d s  t o  t h e  s t u d y  o f  wood d e c a y .
R e f e r e n c e s
G o o d e l l ,B .S . ,  a n d  J e l l i s o n , J .  ( 1 9 8 6 ) .  D e t e c t i o n  o f  a b r o w n - r o t  fu n g u s  
u s i n g  s e r o l o g i c a l  a s s a y s .  D ocum ent No: IR G /W P/1305
J e l l i s o n . J .  an d  G o o d e l l ,B .S .  ( 1 9 8 6 ) .  P r o d u c t io n  o f  m o n o c lo n a l  
a n t i b o d i e s  t o  f u n g a l  m e t a b o l i t e s .  D ocum ent No: IRG /W P/1306
P a l f r e y m a n , J . W ., B ru c e ,A . B u t to n ,D . ,  G la n c y .H . ,  V ig ro w .A . an d  K in g .B . 
( 1 9 8 7 ) .  Im m u n o lo g ic a l  m e th o d s  f o r  th e  d e t e c t i o n  an d  c h a r a c t e r i s a t i o n  
o f  wood d e c a y  b a s i d i o m y c e t e s . P r o c e e d in g s  V l l t h  I n t .  B i o d e t e r i o r a t i o n  
S ym posium  ( i n  p r e s s ) .
P a l f r e y m a n , J . W. ,  V ig ro w .A .,  B u t to n ,D .  an d  G la n c y .H . (1 9 8 8 ) A s im p le  
m e th o d  f o r  s c a n n in g  im m u n o b lo ts . J .Im m u n o l.  M eth o d s ( i n  p r e s s )
T o w b in .H . an d  G o r d o n ,J .  ( 1 9 8 4 ) .  Im m u n o b lo t t in g  an d  d o t  b l o t t i n g  - 
c u r r e n t  s t a t u s  and  o u t lo o k .  J .Im m u n o l. M eth o d s 7 2 , 3 1 3 -3 4 0 .
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Summary
T he m a jo r  p r o t e i n  s p e c i e s  p r e s e n t  i n  d e t e r g e n t  e x t r a c t s  o f  14 d i f f e r e n t  
S e r p u l a  l a c r v m a n s  i s o l a t e s  h a v e  b e e n  c o m p a re d , b y  so d iu m  d o d e c y l  s u l p h a t e  
p o l y a c r y l a m id e  g e l  e l e c t r o p h o r e s i s  (SD S-PAGE), w i t h  a  s t a n d a r d  s t r a i n ,  v i z .
S . la c r v m a n s  FPRL 12C . F o l lo w in g  s i l v e r  s t a i n i n g  o f  SDS g e l s  t h e  m a jo r  
p r o t e i n  s p e c i e s  i d e n t i f i e d  i n  12 i s o l a t e s  w e re  s i m i l a r  t o  t h o s e  fo u n d  
i n  t h e  s t a n d a r d  s t r a i n .  H ow ever d i f f e r e n c e s  w e re  f o u n d  w hen  t h e  f i n a l  
tw o i s o l a t e s  w e re  c o m p a re d  w i t h  FPRL 12C , b o th  i s o l a t e s  h a d  e x t r a  
m o le c u l a r  s p e c i e s  n o t  p r e s e n t  i n  12C a n d  b o t h  w e re  l a c k i n g  som e p r e s e n t  
i n  t h e  s t a n d a r d  s t r a i n .
C o m p a r is o n  o f  t h e  p r o t e i n  s p e c i e s  i d e n t i f i e d  i n  S . l a c rv m a n s  i s o l a t e s  w i th  
t h o s e  i d e n t i f i e d  i n  e x t r a c t s  o f  o t h e r  f u n g a l  o r g a n is m s ,  v i z .  b ro w n  a n d  w h i te  
r o t  c a u s in g  b a s i d io m y c e t e s  a n d  n o n - b a s id io m y c e t e s  i n d i c a t e d  t h a t  t h e  S e r p u la  
i s o l a t e s  w e re  m ore  s i m i l a r  t o  e a c h  o t h e r  t h a n  t o  o t h e r  o r g a n is m s .  Some 
m o le c u l a r  d i f f e r e n c e s  c o u ld  b e  i d e n t i f i e d  w hen i n d i v i d u a l  i s o l a t e s  w e re  
c u l t u r e d  o n  d i f f e r e n t  m e d ia ,  i . e .  l i q u i d  c u l t u r e  o r  a g a r ,  o n ly  m in o r  
d i f f e r e n c e s  w e re  s e e n  w hen i n d i v i d u a l  i s o l a t e s  w e re  s u b c u l t u r e d .
T h e s e  r e s u l t s  i n d i c a t e  t h a t  w h i l s t  c a r e  m u s t b e  t a k e n  t o  e n s u r e  a s  n e a r  
i d e n t i c a l  c o n d i t i o n s  a s  p o s s i b l e  f o r  c u l t u r e  o f  o r g a n is m s  i f  t h e i r  m o le c u la r  
s p e c i e s  a r e  t o  b e  c o m p a re d  b y  SDS-PAGE a n d  s i l v e r  s t a i n i n g ,  c o n s i s t e n t  r e s u l t s  
c a n  b e  o b t a i n e d  u s i n g  t h i s  t e c h n i q u e .  The t e c h n i q u e  may t h e r e f o r e  o f f e r  a  
m e th o d  o f  d i s t i n g u i s h i n g  b e tw e e n  i s o l a t e s ,  s t r a i n s  a n d  s p e c i e s  o f  w ood d e c a y  
b a s i d i o m y c e t e s ,  a n d  i d e n t i f y i n g  new i s o l a t e s .
K e y w o rd s : m o le c u la r  a n a l y s e s ,  S e r p u l a  l a c r v m a n s . SDS-PAGE.
I n t r o d u c t i o n
T h e re  a r e  n u m e ro u s  r e p o r t s  on  t h e  u s e  o f  e l e c t r o p h o r e t i c  p a t t e r n s  o f  s o l u b l e  
p r o t e i n s  e x t r a c t e d  f ro m  f u n g a l  m y c e l ia  t o  a i d  i n  t h e  i d e n t i f i c a t i o n  a n d  
c l a s s i f i c a t i o n  o f  f u n g a l  i s o l a t e s  ( C l a r e ,  1 9 6 3 , B e n t ,  1 9 6 7 , M i l to n  e t  a l . 
1 9 7 1 ) .  I n  p a r t i c u l a r  t h e  t e c h n i q u e  o f  SDS-PAGE h a s  b e e n  u s e d  t o  d i s t i n g u i s h  
b e tw e e n  s p e c i e s  o f  S c l e r o t i n i a  ( T a r i q  e t  a l  1 9 8 5 ) ,  t o  i d e n t i f y  a g g r e s s i v e  and  
n o n - a g g r e s s i v e  s t r a i n s  o f  C e r a t o c v s t i s  u lm i  ( J e n g  a n d  H u b b e s , 1 9 8 3 ) an d  t o  
d i f f e r e n t i a t e  s t r a i n s  o f  y e a s t  o n  t h e  b a s i s  o f  t h e i r  e x c r e t e d  m a c ro m o le c u le s  
(B o u ix  a n d  L e v e a u , 1 9 8 3 ) .  M ore r e c e n t l y  i d e n t i f i c a t i o n  o f  d i f f e r e n t  s p e c i e s  o f  
P h v t o p h f h o r a . a  m a jo r  p l a n t  p a th o g e n  h a s  b e e n  a c h i e v e d  b y  c o m p a r is o n  o f  
e l e c t r o p h o r e t i c  p r o f i l e s  (H a n se n  e t  a l . 1 9 8 6 , H a n se n  e t  a l  1 9 8 8 ) .  A p p l i c a t i o n  
o f  s i m i l a r  m o le c u l a r  m e th o d s  t o  t h e  i d e n t i f i c a t i o n  a n d  c l a s s i f i c a t i o n  o f  
b a s i d io m y c e t e s  c a u s in g  s t r u c t u r a l  d e c a y  o f  t im b e r ,  i n  p a r t i c u l a r  S . l a c r v m a n s . 
i s  t h e  b a s i s  o f  t h e  s t u d i e s  r e p o r t e d  i n  t h i s  p a p e r .
a . ia c iY in m is  n a s  u e e n  i » u io u e u  jll.wui n u « v i .6 u  nuiuc*, ilvui a  uwuiwbi. w*. w*.
t h e  w o r ld  i n c l u d i n g  E u ro p e  e n d  A u s t r a l a s i a  (C ym orek  a n d  H e g a r ty ,  1 9 8 6 ) .  
C o m p a r is o n  o f  i s o l a t e s  fro m  s u c h  d i v e r s e  a r e a s  d e m o n s t r a t e s  a  r a n g e  o f  
m o r p h o lo g i c a l  a n d  g ro w th  c h a r a c t e r i s t i c s  w h ic h  a r e  n o t  o b v i o u s l y  r e l a t e d  t o  
g e o g r a p h i c a l  o r i g i n  (C ym orek  a n d  H e g a r ty ,  1 9 8 6 ) .  I n  o r d e r  t o  i n v e s t i g a t e  t h e  
p o s s i b l e  m o le c u l a r  b a s i s  o f  d i f f e r e n c e s  b e tw e e n  S . l a c r v m a n s  i s o l a t e s ,  t o  a i d  
i n  t h e  i d e n t i f i c a t i o n  o f  S . la c rv m a n s  a n d  t o  d i s t i n g u i s h  i t  r e a d i l y  fro m  o t h e r  
b a s i d i o m y c e t e s ,  s u c h  a s  F l b r l o p o r i a  v a i l l a n t l i  w h ic h  c a u s e  dam age s i m i l a r  t o  
t h a t  p r o d u c e d  b y  S . la c r v m a n s  ( B r a v e r y  e t  a l . 1 9 8 7 ) ,  we h a v e  i n i t i a t e d  a n  
e l e c t r o p h o r e t i c  s t u d y  o f  d e t e r g e n t  s o l u b l e  p r o t e i n s  p r o d u c e d  b y  a  r a n g e  o f  
S . la c r v m a n s  i s o l a t e s .  The m o le c u la r  s p e c i e s  p r e s e n t  i n  S . la c r v m a n s  a r e  a l s o  
c o m p a re d  w i t h  t h o s e  e x t r a c t e d  f ro m  o t h e r  f u n g a l  s p e c i e s .
M a t e r i a l  a n d  M e th o d s
S . la c r v m a n s  s t r a i n  FPRL 12C w as s u p p l i e d  b y  D r A .R .B r a v e ry  o f  t h e  B u i ld i n g  
R e s e a r c h  E s t a b l i s h m e n t  ( B .R .E ) , G a r s t o n ,  U .K . a n d  s t r a i n  CMI 15 2 2 3 3  b y  th e  
C om m onw ealth  M y c o lo g ic a l  I n s t i t u t e ,  Kew, L o n d o n , U .K . .  O th e r  i s o l a t e s  w e re  
c o l l e c t e d  f ro m  v a r i o u s  s i t e s  a r o u n d  t h e  w o r ld  b y  o n e  o f  t h e  a u t h o r s  (B .M .H .) .  
T h e  d e s i g n a t i o n s  a n d  g e o g r a p h i c a l  o r i g i n ,  w h e re  know n , o f  t h e  i s o l a t e s  u s e d  i n  
t h i s  s t u d y  a r e  g i v e n  i n  T a b le  1 .
T a b l e  1
L i s t  o f  t h e  S . la c r v m a n s  i s o l a t e s  a n d  p r e p a r a t i o n s  u s e d  i n  t h i s  s t u d y .
S t r a i n O r i g i n a l I s o l a t i o n  D a te S o u rc e
( c u l t u r e ) c o d e
1 FPRL 12C UK
3 CMI 1 5 2 2 3 3 UK
A B F -01 1965 F r a n c e
5 B F-03A E b w .315 1936 G erm any
6 B F-07B A -1 6 9 1967 UK
7 B F -015B GDR
8 B F-017B BAM 133G 1937 F r a n c e
9 B F-018A BAM 238 1939 G erm any
10 B F -0 2 3 1984 GDR
11 B F -0 2 5 1984 GDR
12 B F -0 4 4 FP 9 0 8 7 6 -R 1946 USA
13 B F -0 4 6 W arsaw  I I I CSIRO
14 B F -0 4 9 DFP 16521 1981 A u s t r a l i a
15 B F -0 5 0 DPF 1 6522 1981 A u s t r a l i a
16 B F -0 7 2 1 9 3 0 ’ s G erm any
A n u m b e r  o f  t h e  o t h e r  f u n g a l  s p e c i e s  u s e d  i n  t h i s  s t u d y  w e re  o b t a i n e d  fro m  
B . R . E . . T h e s e  o r g a n is m s  a r e  l i s t e d  i n  t a b l e  2 .
L i s t  o f  f u n g a l  s p e c i e s  o b t a i n e d  fro m  B .R .E . a n d  u s e d  i n  t h i s  s t u d y
S p e c ie s S t r a i n
1 C o n io p h o ra  o y t ? ? n a FPRL H E
2 F i b r i o p o r i a  v a i l l a n t i i FPRL 14G
3 P o s t l a  p l a c e n t a FPRL 280
4 G lo e o p h v llu m  s e p i a r i u m FPRL 10D
5 L e n t i n u s  l e p i d e u s FPRL 7F
6 S te re u m  s a n e u in o le n tu m FPRL 27D
7 H e t e r o b a s i d io n  annosum FPRL 41E
8 S c h iz o o h v l lu m  commune FPRL 9
9 P l e u r o t u s  o s t r e a t u s FPRL 40A
A ls o  u s e d  i n  t h i s  s t u d y  w e re  G lo e o p h v llu m  tra b e u m  BAM(EDW) 1 0 9 , C la d o s p o r iu m  
T h i n g s  BM 1 3 3 8 8 -1 -2 2 A , P a e c l lo m v c e s  v a r l o t t l  ( I s o l a t e d  a t  D undee I n s t i t u t e  o f  
T e c h n o lo g y )  a n d  T r lc h o d e rm a  p o lv s p o r lu m  IM I 2 0 6 0 3 9 .
P r e p a r a t i o n  o f  m v c e l l a l  e x t r a c t s
F o r  p r e p a r a t i o n  o f  e x t r a c t s  f o r  e l e c t r o p h o r e t i c  a n a l y s i s  S . la c rv m a n s  i s o l a t e s  
w e re  g row n  i n  a p p r o x im a te ly  20m l o f  5* m a l t  e x t r a c t  b r o t h  i n  p e t r i  d i s h e s ,  
i n c u b a t e d  a t  22oC a n d  h a r v e s t e d  w hen 75% o f  t h e  l i q u i d  medium  s u r f a c e  was 
c o v e r e d  i n  m y c e liu m . H a r v e s t i n g  c o n s i s t e d  o f  r e m o v a l o f  o r i g i n a l  c o r e  f o l lo w e d  
b y  w a s h in g  o f  t h e  r e m a in in g  m y ce liu m  w i t h  u l t r a - p u r e  w a t e r  t o  rem ove medium 
c o m p o n e n ts  (3  w a s h e s ) .  T he r e m a in in g  m a t e r i a l  w as p a r t i a l l y  d r i e d  o n  a  f i l t e r  
p a p e r .  T h is  m a t e r i a l  w as t h e n  f r e e z e  d r i e d  a n d  s t o r e d  a t  -20oC  u n t i l  a n a l y s i s .  
O th e r  f u n g a l  m ic r o o r g a n i s m s ,  i . e .  o t h e r  t h a n  t h e  S e r o u l a  i s o l a t e s  , w e re  
p r e p a r e d  i n  a  s i m i l a r  m a n n e r .1
P r i o r  t o  e l e c t r o p h o r e s i s  w e ig h e d  s a m p le s  o f  f r e e z e  d r i e d  m a t e r i a l  w e re  g ro u n d  
up  i n  p h o s p h a t e  b u f f e r e d  s a l i n e  pH 7 .4  (PB S) (6 .2 5 m g  m y c e liu m ; 1ml b u f f e r )  
u s i n g  a  p e s t l e  a n d  m o r t a r .  O nce a  f i n e  s l u r r y  h a d  b e e n  p r o d u c e d ,  1 p a r t  
b o i l i n g  m ix  (M a rsd e n  e t  a l  ( 1 9 7 8 ) )  w as a d d e d  t o  2 p a r t s  s a m p le .  The r e s u l t i n g  
m ix  w as s t o r e d  a t  -20oC  u n t i l  u s e .  B e f o r e  a d d in g  s a m p le s  t o  g e l s  t h e y  w e re  
th a w e d , h e a t e d  t o  lOOoC f o r  3 m in  a n d  c e n t r i f u g e d  a t  1 3 ,0 0 0  rpm  f o r  10 m in a t  
room  t e m p e r a t u r e .  2 0 u l  s a m p le s  o f  s u p e r n a t a n t  w e re  u s e d  f o r  a n a l y s i s  by  
SDS-PAGE. To t e s t  t h e  e f f e c t  o f  s u b s t r a t e  o n  t h e  m o le c u la r  n a t u r e  o f  
S . l a c r y m a n s  t h e  o r g a n is m  w as grow n  o n  5% m a l t  e x t r a c t /  2% a g a r  u n t i l  75% o f  
t h e  m edium  s u r f a c e  w as c o v e r e d  i n  m y c e liu m . T he o r i g i n a l  c o r e  w as c u t  o u t  an d  
t h e  r e m a in in g  m y c e liu m  w as s c r a p e d  o f f  t h e  a g a r .  T h is  m a t e r i a l  w as f r e e z e  
d r i e d  a n d  s t o r e d  a t  -20oC  u n t i l  a n a l y s i s .  S u b s e q u e n t  p r e p a r a t i o n  w as s i m i l a r  
t o  t h a t  o f  l i q u i d  c u l t u r e  m a t e r i a l .
E l e c t r o p h o r e s i s
M y c e l i a l  e x t r a c t s  w e re  a n a l y s e d  b y  so d iu m  d o d e c y l  s u l p h a t e  p o ly a c r y l a m id e  g e l  
e l e c t r o p h o r e s i s  (SDS-PAGE) u s i n g  t h e  m eth o d  o f  L aem m li (1 9 7 0 )  a s  m o d if i e d  by 
M a rsd e n  e t  a l  ( 1 9 7 8 ) .  B r i e f l y  s a m p le s  p r e p a r e d  a s  a b o v e  w e re  a p p l i e d  t o  th e  
w e l l s  o f  a  5-15%  g r a d i e n t  g e l  p r e p a r e d  u s i n g  u l t r a p u r e  w a t e r  a s  d e s c r i b e d  by  
M a rsd e n  f i l  (1 9 7 8 )  u s i n g  u l t r a - p u r e  w a t e r  t o  a l l o w  s u b s e q u e n t  s i l v e r  
s t a i n i n g  o f  t h e  g e l .  To a l l o w  c o m p a r is o n  o f  t h e  s t a n d a r d  I s o l a t e  o f  
S . l a c r v m a n s  u s e d  i n  t h i s  a n a l y s i s  (FPRL 12C) w i th  t e s t  s t r a i n s ,  s a m p le s  w ere
l o a d e d  o n  t o  g e l s  a s  I l l u s t r a t e d  i n  F ig .  2 , l . e .  FPRL 12C w as p l a c e d  In  
a l t e r n a t e  t r a c k s  w i th  t e s t  i s o l a t e s  I n t e r v e n i n g .  S a m p le s  w e re  t h e n  
e l e c t r o p h o r e s e d  f o r  4 h o u r s  a t  35mA/ g e l  a t  4oC on  a  LKB 2001 v e r t i c a l  
e l e c t r o p h o r e s i s  u n i t .
S i l v e r  s t a i n i n g
A l l  s o l u t i o n s  u s e d  i n  t h e  s i l v e r  s t a i n i n g  p r o c e d u r e  w e re  m ade up i n  
u l t r a p u r e  w a t e r  a s  w e re  s o l u t i o n s  u s e d  i n  g e l  p r e p a r a t i o n  a n d  sa m p le  
e x t r a c t i o n .  A f t e r  e l e c t r o p h o r e s i s  g e l s  w e re  f i x e d  o v e r n i g h t  w i t h  a  s o l u t i o n  
o f  m e t h a n o l / a c e t i c  a c i d : f o rm a ld e h y d e  (50%:12% + 0 .5 m l 37% HCOH/L) an d  s t a i n e d  
a c c o r d i n g  t o  t h e  m e th o d  o f  Blum e t  a l  ( 1 9 8 7 ) .  I n  t h i s  m e th o d  g e l s  a r e  
p r e t r e a t e d  w i t h  so d iu m  t h i o s u l p h a t e ,  im p r e g n a te d  w i th  s i l v e r  n i t r a t e  an d  
f i n a l l y  d e v e lo p e d  w i t h  a  s o l u t i o n  c o n t a i n i n g  so d iu m  c a r b o n a t e /  f o rm a ld e h y d e  
a n d  so d iu m  t h i o s u l p h a t e .
Analysis pf ggl patterns
F o l lo w in g  s i l v e r  s t a i n i n g  m aps w e re  c o n s t r u c t e d  o f  t h e  p r o t e i n  p a t t e r n  
p r o d u c e d  f o r  S . la c r v m a n s  FPRL 12C b a s e d  o n  a  v i s u a l  s u r v e y  o f  6 r e p e a t e d  
a n a l y s e s  o f  S . l a c r v m a n s . The s t a i n i n g  i n t e n s i t y  o f  e a c h  p r o t e i n  b a n d  w as 
v i s u a l l y  e v a l u a t e d  a n d  r e c o r d e d  on a  s c a l e  o f  1 t o  3 . S i m i l a r  m aps w e re  
c o n s t r u c t e d  f o r  o t h e r  i s o l a t e s  t o  a l l o w  c o m p a r is o n s  o f  b a n d in g  p a t t e r n s .  To 
a i d  i n  t h e  c o m p a r is o n  o f  p r o t e i n  b a n d s  fro m  d i f f e r e n t  i s o l a t e s  b a n d s  w ere  
n u m b e re d  a c c o r d i n g  t o  t h e i r  p o s i t i o n  i n  t h e  g e l s  a n d  a p p r o x im a te  m o le c u la r  
w e i g h t s  o f  t h e  p r o t e i n s  r e p r e s e n t e d  b y  s p e c i f i c  b a n d s  w e re  d e te r m in e d .
Pssulta
P r e l i m i n a r y  e x p e r im e n t s  w e re  c a r r i e d  o u t  t o  i n v e s t i g a t e  w h e th e r  o r  n o t  
c u l t u r e s  o f  S . l a c r v m a n s  FPRL 12 g a v e  c o n s i s t e n t  b a n d in g
p a t t e r n s  on  t h e  g e l  s y s te m  u t i l i s e d .  R e s u l t s  i n d i c a t e d  t h a t  d u r i n g  p a s s a g e  o f  
t h e  o r g a n is m  t h e  s t a i n i n g  p a t t e r n  r e m a in e d  e s s e n t i a l l y  t h e  sam e th o u g h  i f  th e  
o r g a n is m  w as g ro w n  i n  d i f f e r e n t  c u l t u r e  s y s te m s ,  e . g .  on  a g a r  r a t h e r  t h a n  
i n  l i q u i d  c u l t u r e ,  some m in o r  c h a n g e s  i n  b a n d in g  p a t t e r n s  w e re  o b s e r v e d ,  ( s e e
F i g .  1 ) .
n g .  i .
A n a l y s i s  o f  th e  m a jo r  p r o t e i n  s p e c i e s  fo u n d  d u r in g  c u l t u r e  o f  S . la c rv m a n s  FPRL 
12C
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L M.Wt standard proteins S lacryaani FPRL 12C standard S 'irrvaani 12C liquid culture S lacrvana 12C solid culture
T r a c k s  1 a n d  17 r e p r e s e n t  s t a n d a r d  m o le c u la r  w e ig h t  m a rk e r s  u s e d  i n  t h e s e  
e x p e r i m e n t s ,  r e a d i n g  fro m  th e  to p  o f  th e  g e l  th e  b a n d s  c o r r e s p o n d  t o  p r o t e i n s  
o f  m o le c u la r  w e ig h t  6 6 ,0 0 0 ,  4 5 ,0 0 0 ,  3 6 ,0 0 0 ,  2 9 ,0 0 0 ,  2 4 ,0 0 0 ,  2 0 ,1 0 0  a n d  1 4 ,2 0 0  
d a l t o n s  r e s p e c t i v e l y .  T r a c k s  2 , 9 an d  16 r e p r e s e n t  e x t r a c t s  o f  th e  s t a n d a r d  
p r e p a r a t i o n  o f  S . la c rv m a n s  FPRL 12C u s e d  t h r o u g h o u t  t h i s  s t u d y  a s  a r e f e r e n c e .  
T r a c k s  3 , 4 , 5  a n d  6 r e p r e s e n t  e x t r a c t s  o f  l i q u i d  c u l t u r e s  o f  FPRL 12C h a r v e s t e d  
a f t e r  3 , 5 , 7 a n d  10 d a y s  a f t e r  t h e  f i r s t  s u b c u l t u r e .  T ra c k s  7 an d  8 r e p r e s e n t  
t h e  10 d a y  o l d  h a r v e s t s  o f  s u b c u l t u r e s  2 an d  3 .
T r a c k s  1 0 ,1 1 ,1 2  a n d  13 r e p r e s e n t  e x t r a c t s  o f  3 , 5 , 7  an d  10 d a y  o l d  c u l t u r e s  
g ro w n  o n  s o l i d  m edium , t r a c k s  14 an d  15 r e p r e s e n t  10 d a y  o l d  h a r v e s t s  o f  
s o l i d  c u l t u r e  g row n  m a t e r i a l ,  s u b c u l t u r e s  2 an d  3 .
C o m p a r iso n  o f  t h e  14 i s o l a t e s  l i s t e d  a b o v e  w i th  t h e  s t a n d a r d  i s o l a t e  u s e d  in  
t h e s e  s t u d i e s  (FPRL 12C) i n d i c a t e d  t h a t  t h e  m a j o r i t y  o f  b a n d s  w e re  common 
b e tw e e n  12C a n d  t h e  o t h e r s  ( F i g .  2 ) .  Two o f  t h e  S . la c rv m a n s  i s o l a t e s  h o w e v e r, 
B F-015B  a n d  B F -050  p ro d u c e d  u n u s u a l  b a n d in g  p a t t e r n s  th o u g h  i t  c a n  b e  s e e n  
t h a t  t h e  m a j o r i t y  o f  t h e  p r o t e i n  s p e c i e s  d e t e c t e d  i n  e x t r a c t s  o f  t h e s e  two
i s o l a t e s  a r e  s i m i l a r  t o  t h o s e  o f  FPRL 12C. N o ta b le  new b a n d s  a n d  m is s in g  b a n d s  
a r e  l i s t e d  i n  T a b le  3 . C o m p a r iso n  o f  t h e  d a t a  show n i n  F i g s .  1 an d  2 f u r t h e r  
i l l u s t r a t e s  t h a t  t h e  b a n d in g  p a t t e r n s  o b t a i n e d  f o r  FPRL 12C d u r i n g  t h e s e  t
e l e c t r o p h o r e s i s  e x p e r im e n t s  w e re  r e p r o d u c i b l e .
F ig  2 .
A n a l y s i s  o f  t h e  m a jo r  p r o t e i n  s p e c i e s  fo u n d  i n  a  s e l e c t i o n  o f  i s o l a t e s  o f  
S . l a c r v m a n s . T r a c k s  a r e  n u m b ere d  fro m  t h e  l e f t  a n d  t h e  k e y  t o  t h e  
i d e n t i f i c a t i o n  o f  t r a c k s  i s  show n i n  th e  f i g u r e .
»•/!/**
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The d a t a  i l l u s t r a t e d  i n  F i g s .  2 i n d i c a t e s  t h a t  t h e r e  i s  some v a r i a b i l i t y  
i n  t h e  b a n d in g  p a t t e r n  p r o d u c e d  b y  i n d i v i d u a l  i s o l a t e s  o f  S , l a c r v m a n s . To 
c o m p a re  t h e  v a r i a b i l i t y  o b t a i n e d  w i t h i n  a  s p e c i e s  w i t h  t h a t  o b t a i n e d  b e tw e e n  
s p e c i e s  SDS-PAGE a n a l y s i s  w as c a r r i e d  o u t  o n  a v a r i e t y  o f  o t h e r  b ro w n  an d  
w h i t e  r o t s  a n d  o t h e r ,  n o n - d e c a y  o r g a n i s m s .  A s e l e c t i o n  o f  t h e  r e s u l t s  o f  t h i s  
e x p e r i m e n t  a r e  show n i n  F ig .  3 . N one o f  t h e  f u n g a l  e x t r a c t s  t e s t e d  show ed  
b a n d in g  p a t t e r n s  s i m i l a r  t o  S . l a c r v m a n s  FPRL 12C.
s;
*•___ _ ___ *________ f________ i________ 1________ i  -------*
T a b le  3
M a jo r  d i f f e r e n c e s  b e tw e e n  $ , la c rv m a n s  FPRL 12C, B F-050  an d  B F-015B .
B and Num ber 12C B F-050 BF-015B MWt (kD)
4 .1 - . + 78
4 .2 - - + 625 .1 - - + 59
5 .2 + + . 58
5 .3 5 + + - 55
5 .5 5 + + - 52
7 .0 5 - + . 34
7 .3 5 + - - 32
7 .4 - + - 3 1 .5
8 .4 5 - + - 24
8 .6 - + - 23
8 .7 + - - 2 2 .5
1 0 .0 5 + + - 1 5 .5
I n  t h i s  t a b l e  b a n d  num b er i s  an  a r b i t r a r y  d e s i g n a t i o n  r e l a t i n g  b a n d s  t o  
t h e i r  p o s i t i o n  i n  th e  g e l .
F i g . 3 .
A n a l y s i s  o f  t h e  m a jo r  p r o t e i n  s p e c i e s  i d e n t i f i e d  i n  a  s e l e c t i o n  o f  b row n  r o t  
b a s i d i o m y c e t e s .
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A
O n ly  a  s e l e c t i o n  o f  t h e  o r g a n is m s  t e s t e d  i n  t h i s  s t u d y  ( s e e  M a t e r i a l  an d  
M e th o d s )  a r e  sh o w n  i n  F i g .  3 . H ow ever s i m i l a r  r e s u l t s  w e re  f o u n d  f o r  t h e  
o t h e r  o r g a n i s m s  l i s t e d  i n  T a b le  2 , v i z .  t h e  m o le c u la r  s p e c i e s  i d e n t i f i e d  i n  
f u n g i  o t h e r  t h a n  S . l a c r v m a n s  a r e  v e r y  d i f f e r e n t  t h a n  t h o s e  f o r m in g  t h e  b a s i c  
b a n d in g  p a t t e r n  o f  S . l a c r v m a n s .
P h o t o g r a p h i c  r e p r e s e n t a t i o n s  show n i n  t h i s  p a p e r  do n o t  r e v e a l  a l l  b a n d s  
d e t e c t a b l e  b y  e y e  a n d  f u r t h e r m o r e  t h e  s t a i n i n g  p a t t e r n s  o f  t h e  g e l s  f a d e s  
s l o w l y .  To a i d  i n  t h e  a n a l y s i s  o f  t h e  b a n d in g  p a t t e r n s  show n i n  F i g s .  1 -3  
r e p r e s e n t a t i v e  d ia g r a m s  h a v e  b e e n  p r o d u c e d .  An e x a m p le  o f  s u c h  a  d ia g r a m  i s  
sh o w n  i n  F i g .  4 .  Some o f  t h e  d i f f e r e n c e s  b e tw e e n  FPRL 12C a n d  B F -0 5 0  a r e  w e l l  
sh o w n  i n  t h i s  d ia g r a m .
F i g  4 .
R e p r e s e n t a t i o n  o f  a n  SDS-PAGE e x p e r i m e n t .  B an d s a r e  r e p r e s e n t e d  o n  a  s c a l e  o f  
1 t o  3 ,  i . e .  f ro m  v e r y  o b v i o u s l y  s t a i n e d  t o  v a g u e  s t a i n i n g .
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T h e  d a t a  sh o w n  i n  F i g .  4  i n c l u d e  r e p r e s e n t a t i o n  o f  a l l  t h e  b a n d s  f o u n d  i n  an  
i n d i v i d u a l  e x p e r i m e n t .  A s e l e c t i o n  o f  t h o s e  b a n d s  r e p r e s e n t e d  f o r  FPRL 12C 
h a v e  b e e n  u s e d  a s  t h e  b a s i s  o f  t h e  c o m p a r is o n  o f  i s o l a t e s  r e p o r t e d  i n  t h i s  
s t u d y .
D i s c u s s io n
\
E l e c t r o p h o r e t i c  t e c h n i q u e s  h a v e  b e e n  u s e d  e x t e n s i v e l y  f o r  t h e  a n a l y s i s  o f  
f u n g a l  i s o l a t e s  a n d  c a n  p r o v id e  I n f o r m a t io n  o n  t h e  a f f i n i t i e s  o f  s p e c i e s  an d  
v a r i a t i o n  b e tw e e n  s p e c i e s .  The i n i t i a l  o b j e c t i v e  o f  t h i s  p r e s e n t  s t u d y  w as to  
d e te r m in e  i f  i s o l a t e s  o f  S . l a c rv m a n s  o b t a i n e d  fro m  v a r i o u s  p a r t s  o f  th e  w o r ld  
w o u ld  d e m o n s t r a t e  s i m i l a r  p r o t e i n  p r o f i l e s  i n  SDS-PAGE. I s o l a t e s  w e re  co m p ared  
w i t h  a  s t a n d a r d  s t r a i n  o f  S . la c rv m a n s  (FPRL 12C) w h ic h  i t s e l f  g a v e  c o n s i s t e n t  
e l e c t r o p h o r e t i c  p a t t e r n s  d u r i n g  n u m ero u s  s u b c u l t u r e s .  O f t h e  14 i s o l a t e s  
c o m p a re d  w i t h  12C o n ly  2 show ed  an y  m ark e d  d i f f e r e n c e s .  As y e t  n o  o b v io u s  
r e l a t i o n s h i p s  b e tw e e n  t h e s e  2 i s o l a t e s  a n d  a n y  m o r p h o lo g i c a l  f e a t u r e s  o f  t h e  
i s o l a t e s ,  t h e i r  p l a c e  o f  i s o l a t i o n  o r  t h e i r  g ro w th  r a t e  h a s  b e e n  e s t a b l i s h e d .
T hough  s u b c u l t u r e  o f  12C h a d  l i t t l e  e f f e c t  o n  t h e  m o le c u la r  s p e c i e s  d e t e c t e d  
i n  t h i s  a n a l y s i s  ( F i g .  1 ) som e m in o r  d i f f e r e n c e s  w e re  fo u n d  w hen t h e  b a n d in g  
p a t t e r n s  o b t a i n e d  f ro m  l i q u i d  c u l t u r e  e x t r a c t s  w e re  c o m p a re d  w i t h  e x t r a c t s  o f  
a g a r  g row n  m a t e r i a l .  F u r th e r m o r e  th o u g h  n o t  show n i n  t h i s  p a p e r  o t h e r  e v id e n c e  
i n d i c a t e s  t h a t  t h e  m o le c u la r  s p e c i e s  d e t e c t e d  i n  wood g ro w n  S . l a c r v m a n s  a r e  
d i f f e r e n t  a g a i n  fro m  t h e  a g a r  a n d  l i q u i d  c u l t u r e  m a t e r i a l .  I t  i s  t h e r e f o r e  
i m p o r t a n t  t o  c o m p a re  c u l t u r e s  g row n  u n d e r  c o n d i t i o n s  a s  i d e n t i c a l  a s  p o s s i b l e .  
Some f e a t u r e s  s u c h  a s  g ro w th  r a t e  o f  d i f f e r e n t  i s o l a t e s  h o w e v e r  c a n n o t  b e  
e q u a l i s e d ,  b u t  a s  i n d i c a t e d  a b o v e  t h e  b a n d in g  p a t t e r n s  o b t a i n e d  i n  t h e s e  
s t u d i e s  d i d  n o t  c o r r e l a t e  w i t h  g ro w th  r a t e .
D e s p i t e  t h e  m a rk e d  d i f f e r e n c e s  i n  p r o t e i n  p r o f i l e s  f o r  S . la c rv m a n s  B F -050  an d  
B F-015B  a s  c o m p a re d  t o  b o t h  FPRL 12C a n d  t h e  o t h e r  12 I s o l a t e s  s t u d i e d  t h e  
o v e r a l l  b a n d in g  p a t t e r n  f o r  t h e s e  tw o o r g a n is m s  w e re  n o t  d i s s i m i l a r  t o  t h e  
s t a n d a r d  FPRL 12C p a t t e r n .  H ow ever o t h e r  f u n g a l  s p e c i e s  g a v e  v e r y  d i s s i m i l a r  
p r o t e i n  p r o f i l e s .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  SDS-PAGE o f f e r s  a  h i g h l y  p r e c i s e  
a n d  r e l a t i v e l y  s im p le  m e th o d  f o r  i d e n t i f y i n g  new i s o l a t e s .
M o le c u la r  d i f f e r e n c e s  f o u n d  i n  t h i s  c u r r e n t  s t u d y  a r e  m i r r o r e d  b y  a n t i g e n i c  
d i f f e r e n c e s  d e t e c t e d  u s i n g  W e s te rn  b l o t t i n g  t e c h n i q u e s  ( d a t a  n o t  s h o w n ) . A g a in  
r e l a t i v e l y  m in o r  a n t i g e n i c  d i f f e r e n c e s  a r e  fo u n d  b e tw e e n  i s o l a t e s  o f  
S la c r v m a n s  ( P a l f r e y m a n  e t  a l  1 9 8 8 ) w h e re a s  o t h e r  f u n g a l  s p e c i e s  g iv e  
e s s e n t i a l l y  d i f f e r e n t  a n t i g e n i c  p r o f i l e s .
I n  o r d e r  t o  i n t r o d u c e  a  d e g r e e  o f  s t a t i s t i c a l  a n a l y s i s  t o  o u r  s t u d i e s  we a r e  
c u r r e n t l y  i n v e s t i g a t i n g  t h e  p o s s i b l e  a p p l i c a t i o n ,  t o  wood d e c a y  o r g a n is m s ,  o f  
a  c o m p u te r  p ro g ra m  p r o d u c e d  f o r  i d e n t i f y i n g  a f f i n i t i e s  b e tw e e n  P h v to p h th o r a  
s p e c i e s .  (C ro o k e s  e t  a l . 1 9 8 5 ) .  U s in g  t h i s  p ro g ra m  i t  may b e  p o s s i b l e  t o  
p r o d u c e  i n f o r m a t i o n  o n  t h e  r e l a t e d n e s s  a n d  h e n c e  d iv e r g e n c e  o f  i n d i v i d u a l  
i s o l a t e s  o f  S . l a c r v m a n s .
T h o u g h  t h e  c o m b in a t i o n  o f  SDS-PAGE w i t h  s i l v e r  s t a i n i n g  i s  a  h i g h l y  s e n s i t i v e  
t e c h n i q u e  a l l o w i n g  t h e  d e t e c t i o n  o f  n a n o g ram  a m o u n ts  o f  p r o t e i n ,  t h e  p r o t e i n  
p r o f i l e s  show n i n  F i g s  1 -4  r e p r e s e n t  o n ly  a  v e r y  m in o r  sa m p le  o f  t h e  p r o t e i n s  
p r o d u c e d  i n  a  m y c e l i a l  c u l t u r e .  As y e t  we h a v e  n o t  b e e n  a b l e  t o  i d e n t i f y  an y  
m o le c u l a r  s p e c i e s  w h ic h  c o r r e l a t e  w i t h  m o r p h o lo g i c a l  o r  o t h e r  b i o l o g i c a l  
p r o p e r t i e s  o f  S . l a c r v m a n s . T h i s  may b e  d u e  t o  t h e  s e n s i t i v i t y  a n d  s e l e c t i v i t y  
o f  t h e  SDS-PAGE s y s te m  u s e d .  I t  may t h e r e f o r e  b e  a p p r o p r i a t e  t o  i n v e s t i g a t e  
t h e  p o t e n t i a l  o f  o t h e r  m o le c u la r  t e c h n i q u e s  s u c h  a s  tw o - d im e n s io n a l  
e l e c t r o p h o r e s i s  o r  i s o e l e c t r i c  f o c u s s i n g  i n  t h e  a n a l y s i s  o f  f u n g a l  i s o l a t e s .  
A l t e r n a t i v e l y  u s e  o f  s p e c i f i c  m o le c u la r  p r o b e s ,  s u c h  a s  a n t i b o d i e s ,  may 
p r o d u c e  i n f o r m a t i o n  r e l a t i n g  b i o l o g i c a l  p r o p e r t i e s  t o  m o le c u la r  c o m p o n e n ts .
m e  s t u d i e s  r e p o r t e d  I n  t h i s  p a p e r  t o g e t h e r  w i t h  o t h e r  a n a l y s e s  u s i n g  W e s te rn  
b l o t t i n g  c u r r e n t l y  u n d e rw a y  w i l l  a l l o w  i n f o r m a t i o n  o n  t h e  m o le c u la r  
r e l a t i o n s h i p s  b e tw e e n  v a r i o u s  i s o l a t e s  S . l a c rv m a n a  t o  b e  I d e n t i f i e d  a n d , 
p e r h a p s ,  a l l o w  t h e  d e v e lo p m e n t  o f  a  m o le c u l a r  b a s i s  f o r  t h e  d i f f e r e n t i a t i o n  o f  
b a s i d io m y c e t e  i s o l a t e s ,  s t r a i n s  a n d  s p e c i e s .
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INTRODUCTION
R e s e a r c h  i n  b i o l o g y  i n  th e  l a s t  t h r e e  d e c a d e s  h a s  s e e n  a n  e x p o n e n t i a l  r i s e  i n  
t h e  m o le c u la r  a n a l y s e s  o f  o rg a n is m s  an d  p r o c e s s e s .  H ow ever th e  im p a c t  o f  th e  
new k n o w le d g e  a n d  t e c h n i q u e s  a s s o c i a t e d  w i th  m o le c u la r  b i o lo g y ,  h a s  o n ly  
r e c e n t l y  b e e n  a p p a r e n t  i n  r e s e a r c h  r e l a t e d  t o  th e  d r y  r o t  fu n g u s  Serpula  
lacrym ans. I n d e e d ,  i n  a  v e r y  e x t e n s i v e  b i b l i o g r a p h y  c o m p ile d  i n  1988 (S e e h an n  
a n d  H e g a r ty  1 9 8 8 ) a n d  w h ic h  c o n t a i n s  some 1 ,2 0 0  r e f e r e n c e s  t o  a l l  a s p e c t s  o f  
S.lacrym ans  ( i t s  m o rp h o lo g y , p h y s io lo g y ,  m e th o d s t o  c o n t r o l  t h e  o rg a n is m , e t c )  
t h e r e  a r e  fe w , i f  a n y , r e f e r e n c e s  t o  p a p e r s  d e a l i n g  w i th  m o le c u la r  a s p e c t s  o f  
t h e  o r g a n is m  i n  te r m s  n o r m a l ly  a s s o c i a t e d  w i th  m o le c u la r  b io lo g y  ( i e  g e n e t i c  
s t u d i e s  a t  t h e  DNA a n d  RNA l e v e l  an d  s t u d i e s  o n  t h e  s t r u c t u r e  an d  f u n c t i o n  o f  
p r o t e i n s ) . The p o s s i b l e  e x c e p t i o n  t o  t h i s  g e n e r a l i s a t i o n  w o u ld  b e  s t u d i e s  on 
t h e  en zy m es o f  S . lacrymans th o u g h  s u c h  r e s e a r c h  i s  n o r m a l ly  c o n s id e r e d  
b i o c h e m i s t r y  r a t h e r  t h a n  m o le c u la r  b i o lo g y .
I t  i s  i n  t h i s  c o n t e x t  t h a t  th e  s t u d i e s  o u t l i n e d  i n  t h i s  p a p e r  w e re  i n i t i a t e d ,  
t h e  i n t e n t i o n  b e in g  t o  a p p ly  t e c h n i q u e s  o f  m o le c u la r  b i o lo g y ,  a n d  i n  
p a r t i c u l a r  t h o s e  t h a t  r e s e a r c h  h a d  show n to  b e  r e l e v a n t  t o  o t h e r  wood d e ca y  
o r g a n is m s  ( e . g .  Schizophyllum  commune, P oscia p la cen ta  (P oria  p la ce n ta ) and  L entinus le p ld e u s  (d e  V r i e s  e t  a l  1 9 8 0 , G o o d e ll  an d  J e l l i s o n  1 9 8 6 , P a lf re y m a n  e t  a l  1 9 8 7 ) )  t o  r e s e a r c h  o n  S . lacrym ans. The t e c h n iq u e s  i n  q u e s t i o n  b e in g  
e l e c t r o p h o r e s i s  a n d  a n t i b o d y  b a s e d  t e c h n o lo g y .  The o b j e c t i v e  o f  th e  s t u d i e s  
c e n t e r e d  a r o u n d  d e v e lo p in g  r e l i a b l e  m e th o d s  f o r  t h e  d e t e c t i o n  an d  
i d e n t i f i c a t i o n  o f  S . lacrym ans. I t  w as a l s o  h o p e d  t o  f u r t h e r  u n d e r s t a n d in g  o f  
t h e  p h y s i o l o g y  a n d  m e ta b o li s m  o f  t h e  o rg a n is m  t o  a s s i s t  i n  t h e  d e v e lo p m e n t , i n  
t h e  f u t u r e ,  o f  m ore  s p e c i f i c  m e th o d s  f o r  i t s  d e s t r u c t i o n  a n d  c o n t r o l .
IDENTIFICATION OF S.Lacrymans.
The i d e n t i f i c a t i o n  o f  unknow n i s o l a t e s  a s  S . lacrymans p o s e s  l i t t l e  p ro b le m  to  
e x p e r t s  i n  t h e  f i e l d  o f  f u n g a l  tax o n o m y . The f r u i t  bo d y  o f  t h e  o rg a n is m  i s  
e a s i l y  d i s t i n g u i s h e d  fro m  o t h e r  b a s i d io m y c e t e s , w i th  th e  p o s s i b l e  e x c e p t i o n  o f  S .h im a n tio ld es  a n d  i n  l a b o r a t o r y  c u l t u r e  t h e  o rg a n is m  show s a  num ber o f  
s p e c i f i c  c h a r a c t e r i s t i c s ,  n o t  l e a s t  am o n g s t t h e s e  b e in g  i t s  u n u s u a l  h e a t  
s e n s i t i v i t y  a n d  lo w  t e m p e r a t u r e  g ro w th  o p tim um . H ow ever i d e n t i f i c a t i o n  o f  S.lacrym ans  b y  l e s s  e x p e r i e n c e d  p e r s o n n e l  i s  b y  no  m eans s o  s t r a i g h t f o w a r d  an d  
o n  o c c a s i o n  d i s p u t e s  a r i s e ,  w i th  m a jo r  f i n a n c i a l  i m p l i c a t i o n s ,  a ro u n d  th e  
i d e n t i f i c a t i o n  o f  p a r t i c u l a r  o u t b r e a k s  o f  d e c a y  f u n g i .  S in c e  p r o t e i n  a n a l y s i s  
h a s  b e e n  u s e d  i n  n u m ero u s  o t h e r  a r e a s  a s  a n  a i d  i n  t h e  i d e n t i f i c a t i o n  o f  
m ic r o o r g a n i s m s  ( e . g .  T a r i q  e t  a l  1 9 8 5 , J e n g  a n d  H ubbes 1 9 8 3 , H an sen  e t  a l 
1 9 8 6 ) i n i t i a l  s t u d i e s  o n  S.lacrym ans  w e re  d e s ig n e d  t o  i n v e s t i g a t e  th e  
a p p l i c a b i l i t y  o f  s u c h  t y p e s  o f  a n a l y s i s  t o  t h i s  o rg a n is m .
A g ro u p  o f  t h i r t e e n  i s o l a t e s  o f  S.lacrym ans  f ro m  E u ro p e , t h e  U .S .A . and  
A u s t r a l i a ,  w e re  o b t a i n e d  fro m  Dr B .H e g a r ty  o f  Rohm a n d  H a a s , F ra n c e  an d  t h e s e  
a r e  d e s c r i b e d  i n  d e t a i l  i n  V tg ro w  e t  a l  ( 1 9 8 9 ) .  A f u r t h e r  i s o l a t e ,  CMI 152233 
w as o b t a i n e d  f ro m  t h e  C om m onw ealth M y c o lo g ic a l  I n s t i t u t e .  I s o l a t e s  w ere  
c u l t u r e d  u s i n g  a  s t a n d a r d i s e d  s y s te m  (5% m a l t  e x t r a c t  b r o t h  a t  2 2 o C ) , 
h a r v e s t e d  a n d  f r e e z e  d r i e d .  The d r i e d  m a t e r i a l  w as t h e n  a n a l y s e d  u s in g  sod ium  
d o d e c y l  s u l p h a t e  p o ly a c r y l a m id e  g e l  e l e c t r o p h o r e s i s  (SDS-PAGE) b y  t h e  m eth o d
'I'M'HBW»!*UI!J.J
o f  L aenunli (1 9 7 0 )  a s  m o d i f i e d  b y  M a rsd e n  e t  a l  ( 1 9 7 8 ) .  S e p a r a t e d  p r o t e i n s  w e re  
v i s u a l i s e d  b y  t h e  s i l v e r  s t a i n i n g  m e th o d  o f  Blum e t  a l  ( 1 9 8 7 ) .  F u r t h e r  d e t a i l s  
o f  t h e  m e th o d o lo g ie s  u s e d  c a n  b e  fo u n d  i n  P a l f r e y m a n  e t  a l  ( 1 9 9 0 ) .
I n i t i a l  s t u d i e s  w e re  d i r e c t e d  to w a r d s  e s t a b l i s h i n g  i f  a  c o n s i s t e n t  SDS-PAGE 
p r o f i l e  c o u ld  b e  p ro d u c e d  f o r  a  s t a n d a r d  i s o l a t e  o f  S . lacrym ans. T he s t a n d a r d  
i s o l a t e  u s e d  i n  t h e s e  s t u d i e s  b e in g  FPRL 12C o b t a i n e d  f ro m  t h e  N a t i o n a l  
C o l l e c t i o n  o f  Wood R o t t i n g  F u n g i a t  t h e  B u i ld i n g  R e s e a r c h  E s t a b l i s h m e n t  i n  th e  
UK. A c o n s i s t e n t  b a n d in g  p r o f i l e  w as o b t a i n e d  f o r  a  s e r i e s  o f  e x t r a c t s  fro m  
d i f f e r e n t  s u b c u l t u r e s  o f  t h i s  o r g a n is m . F u r th e r m o r e  t h e  g ro w th  o f  t h e  o r g a n is m  
o n  e i t h e r  s o l i d  o r  i n  l i q u i d  c u l t u r e  h a d  no  e f f e c t  o n  t h e  p r o t e i n  p r o f i l e  
p r o d u c e d .  A c o m p a r is o n  o f  t h e  r a n g e  o f  14 S.lacrym ans  I s o l a t e s  w i t h  t h e  
s t a n d a r d  p r o f i l e  f o r  FPRL 12C i n d i c a t e d  t h a t  m o s t o f  th em  w e re  i d e n t i c a l .  
H ow ever t h e r e  w e re  tw o i s o l a t e s  w h ic h  h a d  p r o f i l e s  w h ic h ,  w h i l s t  v e r y  s i m i l a r  
t o  FPRL 12C, w e re  d i f f e r e n t  i n  a  num b er o f  a s p e c t s  ( F i g  1 , t r a c k s  15 a n d  1 6 ) .  
One o f  t h e s e  o r g a n is m s  ( F i g  1 , t r a c k  1 6 : B F-015B ) h a s  s i n c e  b e e n  s u g g e s t e d  t o  
b e ,  o n  t h e  b a s i s  o f  i t s  m o rp h o lo g y , S.him anC ioldes  ( S c h m id t  a n d  K e b e rn ik  
( 1 9 8 9 ) ) .  R e c e n t  s t u d i e s  u s i n g  SDS-PAGE a n d  im m u n o b lo t t in g  h a v e  c o n f i r m e d  t h i s  
s u g g e s t i o n  (V ig ro w  e t  a l  1 9 9 0 ) .
F ig  1 A n a ly s i s  o f  i s o l a t e s  
o f  S.lacrym ans
14 i s o l a t e s  o f  S . lacrymans 
( t r a c k s  3 - 1 6 )  a r e  c o m p a red  
w i t h  a  s t a n d a r d  p r e p a r a t i o n  
o f  FPRL 12C ( t r a c k s  2 a n d  
1 7 )  i n  t h i s  f i g u r e .  T r a c k s  1 
a n d  18 r e p r e s e n t  m o le c u la r  
w e ig h t  m a r k e r s .  A n a l y s i s  o f  
d ia g r a m s  s u c h  a s  t h i s  h a s  
a l l o w e d  t h e  p r o d u c t i o n  o f  
s i m i l a r i t y  i n d i c e s  ( s e e  
t a b l e  1 ) .  T he u n u s u a l  
p r o f i l e s  g iv e n  b y  t h e  tw o 
o rg a n is m s  m e n t io n e d  i n  t h e  
t e x t  a r e  show n i n  t r a c k s  15 
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W h i l s t  t h e  p r o f i l e s  o b t a i n e d  f o r  i s o l a t e s  o f  S . lacrymans an d  S .h im a n tio id es  
( e . g .  F ig  1 , t r a c k s  16 an d  17) a r e  r e c o g n i s a b l y  d i f f e r e n t  i t  s h o u ld  b e  n o te d  
t h a t  t h e y  h a v e  m ore b a n d s  i n  common, a n d  a r e  t h e r e f o r e  a r e  m ore s i m i l a r ,  th a n  
a n y  o t h e r  tw o s p e c i e s  a n a l y s e d  t o  d a t e .  To d e te r m in e  w h e th e r  m em bers o f  o t h e r  
s p e c i e s  w h ic h  w e re  f o r m e r ly  w i t h i n  t h e  g e n u s  Serpu la , v i z .  S . tig n ic o la  an d  S . p i n a s t r i , h a d  p r o f i l e s  sh o w in g  s i m i l a r i t i e s  t o  S . lacrymans an d  
S .h im a n tio id es  SDS-PAGE a n a l y s i s  w as u n d e r ta k e n  on  e x t r a c t s  f ro m  f r e e z e  d r i e d  
m a t e r i a l  o f  t h e s e  o r g a n is m s .  B o th  o f  t h e s e  o r g a n is m s  h a d  p r o f i l e s  w i th  v e r y  
few  s i m i l a r i t i e s  t o  th o s e  o f  e i t h e r  S . lacrymans o r  S .h im a n tio id e s . I t  i s  
i n t e r e s t i n g  t o  o b s e r v e  t h a t  a c c o r d in g  t o  th e  m o s t up t o  d a te  i n f o r m a t io n  
n e i t h e r  now b e lo n g s  to  th e  g e n u s  Serpu la . B o th  o rg a n is m s  h a v e  now b e e n  
r e c l a s s i f i e d  i n t o  t h e  g e n u s  Leucogyrophana. M o le c u la r  s t u d i e s  w o u ld  a p p e a r  t o  
e n d o r s e  t h i s  c h a n g e .
I f  SDS-PAGE i s  t o  b e  u s e d  f o r  i d e n t i f i c a t i o n  p u r p o s e s  t h e n  i t  i s  e s s e n t i a l  
t h a t  o t h e r  o r g a n s i s m s  t h a t  a r e  l i k e l y  t o  b e  fo u n d  i n  a  s i m i l a r  e n v iro n m e n t  t o  S . lacrymans c a n  b e  e a s i l y  d i s t i n g u i s h e d  on  th e  b a s i s  o f  t h e i r  p r o t e i n  
p r o f i l e s .  A num ber (1 8 )  o f  o t h e r  wood d e c a y  b a s id io m y c e t e s  h a v e  now b e e n  
a n a l y s e d  a n d  a  r e p r e s e n t a t i o n  o f  t h e  ty p e  o f  p r o f i l e  fo u n d  i s  g iv e n  i n  F ig  2 . 
T h re e  n o n - b a s id io m y c e t e s  h a v e  a l s o  b e e n  a n a l y s e d  b y  t h i s  m e th o d .
F ig  2 C o m p a r iso n  o f  
SDS-PAGE p r o f i l e s  f o r  S.lacrym ans  a n d  o t h e r  wood 
d e c a y  f u n g i .
T r a c k s  i n  t h i s  f i g u r e  
r e p r e s e n t ,  1 a n d  15 : m o l. 
w t . m a r k e r s , 2: S .lacrym an s , 
3 : Coniophora puteana,
4 : F ibroporia  v a i l l a n t i i ,
5 ; P a x illu s  panu oides ,
6 : A m ylloporia xantha,
7 : Leucogyrophana p in a s t r i ,  
8 ; L en tinu s le p id e u s ,
9 : Gloeophyllum seplarium , 
1 0 : Peniophora g ig a n tea ,
1 1 : P oria  p la ce n ta ,
1 2 : Daedalea quercina,
1 3 : C o rio lu s v e r s ic o lo r , an d  
1 4 : Daldlna co n cen trica .
To u s e  s u c h  d a t a  t o  e v a l u a t e  r e l a t i o n s h i p s  b e tw e e n  o r g a n is m s  a n d  t o  g ive  a 
n u m e r i c a l  v a lu e  t o  t h e  l i k e l i h o o d  o f  i d e n t i t y  b e tw e e n  i s o l a t e s  i t  i s  p r o b a b ly  •
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n e c e s s a r y  t o  u n d e r ta k e  th e  ty p e  o f  l a r g e  s c a l e  s t u d y  f o l lo w e d  b y  c o m p le x  
c o m p u te r  a n a l y s i s  w h ic h  w as u s e d  b y  K e r s t e r s  (1 9 8 5 )  a n d  Ja c k m a n  (1 9 8 5 )  f o r  
c l a s s i f i c a t i o n  o f  b a c t e r i a .  H ow ever t o  o b t a i n  som e i n d i c a t i o n  o f  r e l a t i o n s h i p s  
t h e  c u r r e n t  i n f o r m a t io n  h a s  b e e n  a n a l y s e d  m a n u a l ly  a n d  a  s i m i l a r i t y  in d e x  ( S I )  
o b t a i n e d  w h ic h  r e l a t e s  th e  n u m b er o f  b a n d s  a n  o r g a n is m  h a s  i n  common w i th  a  
r e f e r e n c e  o r g a n is m  ( i n  m o s t c a s e s  S.lacrym ans  FPRL 12C) a n d  q u o t e s  t h e  v a lu e  
a s  a  p e r c e n t a g e .  D ia g ram s s u c h  a s  F ig s  1 a n d  2 a r e  u s e d  i n  t h i s  a n a l y s i s .  A l l  
i s o l a t e s - o f  S.lacrym ans, e x c e p t  t h e  tw o u n u s u a l  o n e s  n o t e d  a b o v e , g a v e  
s i m i l a r i t y  i n d i c e s  o f  >90%. The v a lu e  o b t a i n e d  f o r  S .h lm antioLdes  i s  a ro u n d  
50%, w h i l s t  a l l  o t h e r  s p e c i e s  t e s t e d  h a d  v a l u e s  o f  l e s s  t h a n  31% ( T a b le  1 ) .
One o f  t h e  h i g h e s t  v a lu e s  w as o b t a i n e d  f o r  P oria  L ncrassata  w h ic h , 
i n t e r e s t i n g l y ,  i s  o f t e n  s a i d  t o  b e  t h e  New W o rld  e q u i v a l e n t  o f  S.lacrym ans  
( C a r tw r i g h t  a n d  F i n d l a y  1 9 5 8 ) .
T a b le  1 S i m i l a r i t y  i n d i c e s  f o r  a  s e l e c t i o n  o f  w ood d e c a y  b a s id io m y c e t e s
O rg a n ism S I(% ) O rg a n ism S I(% )
A.xantha 2 0 .9 P .g ig a n tea 1 0 .7C. puteana 1 8 .5 P . in c ra ssa ta 3 0 .8D. quercina 0 .0 P .p la ce n ta 1 5 .6F. v a i l la n tL i 1 9 .2 P .panuoides 2 1 .3G. sepiarium 1 9 .8 L. p in a s t r l 2 5 .0
G. trabeum 2 4 .0 C .v e r s ic o lo r 1 7 .1L .le p id e u s 1 6 .0 D. concenCrica 1 9 .2
T he a b o v e  f i g u r e s w e re  d e r i v e d fro m  d a t a  o f  th e ty p e  show n i n
F ig  2 . A l t o g e t h e r  i n  t h e s e  s t u d i e s  12 b ro w n  r o t  s p e c i e s  ( i n  
a d d i t i o n  t o  S.lacrym ans  a n d  S .h im a n tlo id e s ) , w h i t e  r o t  s p e c i e s  
a n d  3 m i s c e l l a n e o u s  s p e c i e s  h a v e  b e e n  a n a l y s e d  b y  SDS-PAGE a n d  
a n  S I  e s t i m a t e d .  T he m ean v a l u e s  o f  t h e  I n d i c e s  o b t a i n e d  f o r  
t h e  t h r e e  g ro u p s  a r e  1 8 .5 ,  1 9 .6  a n d  1 9 .2  r e s p e c t i v e l y  
i n d i c a t i n g  t h a t  t h e  s i m i l a r i t y  in d e x  c a n n o t  b e  u s e d  t o  
d i s t i n g u i s h  b e tw e e n  g r o u p s  o f  f u n g i  w i t h  d i f f e r e n t  
p h y s i o l o g i c a l  c h a r a c t e r i s t i c s .  T he r e s u l t s  d o ,  h o w e v e r , 
s u g g e s t  t h a t  t h r e e  s p e c i f i c  t y p e s  o f  o r g a n is m  c a n  b e  
d i s t i n g u i s h e d  b y  t h i s  m e th o d , v i z .  i )  i s o l a t e s  o f  S.lacrym ans  
(S I> 9 0 % ), i i )  i s o l a t e s  o f  S .h im a n tio id es  (S I-5 0 % ) a n d  i i i )  a l l  
o t h e r  o r g a n is m s  t e s t e d  t o  d a t e  (S I< 3 1 % ).
T h e s e  s t u d i e s  h a v e  i n d i c a t e d  t h a t  t h e  i d e n t i f i c a t i o n  o f  S.lacrym ans  b y  
SDS*PAGE i s  f e a s i b l e  a n d  t h e  t e c h n i q u e  h a s  now b e e n  v a l i d a t e d  o n  a  n u m b er o f  
new  i s o l a t e s  w h ic h  g i v e  p r o t e i n  p r o f i l e s  v e r y  s i m i l a r  t o  FPRL 12C . C u r r e n t l y  
h o w e v e r  i t  h a s  o n ly  b e e n  c o n f i r m e d  t h a t  i s o l a t e s  o f  S.lacrym ans  g ro w n  u p  u s i n g  
a  s t a n d a r d  l a b o r a t o r y  p r o c e d u r e  c a n  b e  i d e n t i f i e d  b y  t h i s  m e th o d . D i r e c t  
a n a l y s i s  o f  f r e e z e  d r i e d  f i e l d  m a t e r i a l ,  i . e .  f r u i t  b o d i e s ,  s t r a n d s ,  s p o r e s  
a n d  s u r f a c e  m y c e l i a ,  h a s  i n d i c a t e d  t h a t  d i f f e r e n t  m o r p h o lo g i c a l  fo rm s  o f  t h e  
fu n g u s  p o s s e s s  d i f f e r e n t  p r o t e i n  p r o f i l e s .  W h i l s t  som e o f  t h e s e  fo rm s  h a v e  
b a n d in g  p a t t e r n s  r e s e m b l in g  t h e  s t a n d a r d  p r o f i l e  o f  l i q u i d  c u l t u r e  g row n  
S .lacrym an s, som e a r e  v e r y  d i f f e r e n t .  I n  p a r t i c u l a r  i t  h a s  n o t  p r o v e d  p o s s i b l e  
t o  o b t a i n  an y  p r o f i l e  f o r  s p o r e  e x t r a c t s ,  p o s s i b l y  b e c a u s e  p r o t e i n  m a t e r i a l  
f ro m  s p o r e s  d o e s  n o t  e x t r a c t  i n t o  t h e  SDS c o n t a i n i n g  e x t r a c t i o n  b u f f e r  u s e d  i n  
t h e s e  s t u d i e s .  S t r a n d  m a t e r i a l  h a s  b e e n  f o u n d  t o  p o s s e s s  o n l y  o n e  m a jo r  b a n d , 
o f  m o le c u la r  w e ig h t  a r o u n d  6 0 ,0 0 0  d a l t o n s ,  i n  c o m p a r is o n  w i t h  t h e  e x t r a c t s  o f  
l i q u i d  c u l t u r e  g ro w n  m y c e l i a l  m a t e r i a l  t h a t  p o s s e s s  u p w a rd s  o f  30 b a n d s  i n  
t h e i r  p r o f i l e s .
As w e l l  a s  b e in g  a b l e  t o  i d e n t i f y  f u n g i  d i r e c t l y  fro m  e x t r a c t s  o f  f i e l d  
m a t e r i a l ,  i n  t h e  fo rm  o f  e x t r a c t s  o f  b io m a s s  o f  t h e  f u n g u s ,  i t  w o u ld  a l s o  be 
a d v a n ta g e o u s  t o  b e  a b l e  t o  d i r e c t l y  i d e n t i f y  S.lacrym ans  i n  i n f e c t e d  wood 
e x t r a c t s .  F o r  t h i s  t o  b e  p o s s i b l e  a  f i r s t  r e q u i r e m e n t  w o u ld  b e  t h a t  e x t r a c t s  
o f  u n i n f e c t e d  wood s h o u ld  n o t  p ro d u c e  co m p lex  b a n d in g  p a t t e r n s  w hen a n a ly s e d  
b y  SDS-PAGE. I n i t i a l  e x p e r im e n ts  c a r r i e d  o u t  on s t e r i l e ,  f r e e z e  d r i e d ,  
m a c e r a t e d  a n d  g ro u n d -u p  b lo c k s  o f  p in e  o r  l im e  i n d i c a t e d  t h e  p r e s e n c e  o f  o n ly  
t h r e e  p r o t e i n  b a n d s  i n  SDS e x t r a c t s .  P re su m a b ly  t h i s  i s  due  e i t h e r  t o  th e  low  
p r o t e i n  c o n t e n t  o f  wood o r  th e  r e l a t i v e  i n s o l u b i l i t y  o r  n o n - e x t r a c t a b i l i t y  o f  
w ood c o m p o n e n ts  i n t o  SDS c o n t a i n i n g  b u f f e r s .
I n  c o n t r a s t  t o  t h e  r e s u l t s  fo u n d  f o r  u n i n f e c t e d  w ood, s a m p le s  o f  p in e  o r  l im e  
b l o c k s  i n f e c t e d  w i t h  S.lacrym ans  r e v e a l e d  a co m p lex  p r o t e i n  p r o f i l e  w h ic h , 
th o u g h  b e a r i n g  r e s e m b la n c e s  t o  t h a t  fo u n d  f o r  l i q u i d  c u l t u r e  g row n  
S .la crym a n s ,w as n e v e r t h e l e s s  som ew hat d i f f e r e n t .  I n i t i a l  o b s e r v a t i o n s  o n  f i e l d  
m a t e r i a l ,  i e  w ood t h o u g h t  t o  b e  i n f e c t e d  by  S.lacrym ans, i n d i c a t e s  t h a t  d i r e c t  
i d e n t i f i c a t i o n  u s i n g  SDS-PAGE may be  d i f f i c u l t  s i n c e  p r o f i l e s  o b t a i n e d  t o  d a te  
show  l i t t l e  r e s e m b la n c e  t o  s t a n d a r d  m a t e r i a l .  H ow ever i t  s h o u ld  b e  n o t e d  t h a t  
i )  i t  i s  d i f f i c u l t  t o  d e f i n i t i v e l y  s t a t e  t h a t  a  s p e c i f i c  p i e c e  o f  wood 
c o n t a i n s  m y c e liu m  o f  a  p a r t i c u l a r  o rg a n is m , i i )  s u c h  m a t e r i a l  i s  u n l i k e l y  to  
c o n t a i n  a  p u r e  c u l t u r e  a n d  t h e  b a n d in g  p a t t e r n  p ro d u c e d  by  S.lacrym ans  may 
w e l l  b e  o b s c u r e d  b y  t h e  p r e s e n c e  o f  o t h e r  r e s i d e n t  o rg a n is m s  a n d  i i i )  t h e r e  
may b e  a n  e f f e c t  o f  wood s p e c i e s  on  th e  b a n d in g  p a t t e r n  o b t a i n e d .  R e g a rd in g  
t h i s  f i n a l  p o i n t ,  i n  t h e  tw o s p e c i e s  o f  wood t h a t  we h a v e  i n f e c t e d  
e x p e r i m e n t a l l y  v i z .  p i n e  an d  l im e ,  s p e c i e s  h a d  l i t t l e  e f f e c t  o f  t h e  b a n d in g  
p a t t e r n s  s u b s e q u e n t ly  o b t a i n e d .
T he c o n c l u s i o n  t o  b e  d raw n  fro m  th e s e  r e s u l t s  i s  t h a t  w h i l s t  S.lacrym ans 
i s o l a t e s  g iv e  c o n s i s t e n t  SDS-PAGE p r o f i l e s  w hen grow n u n d e r  i d e n t i c a l  
c o n d i t i o n s ,  w hen S.lacrym ans  FPRL 12C w as grow n  u n d e r  d i f f e r e n t  c o n d i t i o n s ,  
a n d  i n  p a r t i c u l a r  w hen i t  w as grow n on  wood a s  t h e  m a jo r  n u t r i e n t  s o u r c e ,  
so m ew h at d i f f e r e n t  p r o f i l e s  w e re  p ro d u c e d . W h eth er  s u c h  p r o f i l e s  a r e  
c o n s i s t e n t  w i t h i n  a  p a r t i c u l a r  s e t  o f  c o n d i t i o n s  i s  c u r r e n t l y  u n d e r  
i n v e s t i g a t i o n .  S i m i l a r l y  i t  may w e l l  b e  t h a t  th e  d i f f e r e n t  p a t t e r n s  fo u n d  f o r  
d i f f e r e n t  m o r p h o lo g i c a l  fo rm s  o f  S.lacrym ans  a r e  c o n s i s t e n t  w i t h i n  th o s e  
f o r m s ,  e . g .  s t r a n d  m a t e r i a l  may a lw a y s  g iv e  t h e  sam e p r o f i l e  w h ic h  may be  
r a t h e r  d i f f e r e n t  fro m  t h e  p r o f i l e  fo u n d  f o r  th e  s t a n d a r d  p r e p a r a t i o n  o f  S.lacrym ans  u s e d  i n  t h e s e  s t u d i e s .  T h u s , g iv e n  a n  a p p r o p r i a t e  s t a n d a r d  an d  
g u i d e l i n e s  f o r  s a m p le  c o l l e c t i o n ,  i t  may b e  p o s s i b l e ,  f o r  e x a m p le , t o  i d e n t i f y  
m a t e r i a l  d i r e c t l y  fro m  t h e  s u r f a c e  o f  i n f e c t e d  wood w i t h o u t  i n t e r v e n i n g  
i s o l a t i o n  p r o c e d u r e s .  (A s u i t a b l e  s t a n d a r d  i n  t h i s  c a s e  w o u ld  b e  a  sa m p le  o f  
m y c e l i a  w h ic h  w as know n t o  b e  S.lacrym ans  a n d  w h ic h  h a d  b e e n  rem o v ed  from  th e  
s u r f a c e  o f  a  w ood s a m p le . )  H ow ever w h i l s t  i d e n t i f i c a t i o n  o f  S.lacrym ans  w i t h in  
i n f e c t e d  w ood may b e  p o s s i b l e  from  e x t r a c t s  o f  p u r e  c u l t u r e  d e r i v e d  from  
l a b o r a t o r y  i n f e c t e d  w ood, i d e n t i f i c a t i o n  i n  a  c o m p lex  s y s te m , a s  w o u ld  b e  
e x p e c t e d  i n  a  f i e l d  s a m p le ,  seem s l e s s  l i k e l y .  T h e s e  p o s s i b i l i t i e s  a r e  u n d e r  
c u r r e n t l y  u n d e r  i n v e s t i g a t i o n .
IMMUNOLOGICAL STUDIES ON S.lacrym ans
I n  o r d e r  t o  b e  a b l e  t o  i d e n t i f y  S.lacrym ans  i n  t h e  ty p e  o f  c o m p le x  m ix tu r e  
w h ic h  c o u ld  e x i s t  i n  a  sa m p le  o f  i n f e c t e d  wood i t  i s  n e c e s s a r y  t o  d e v e lo p  
s p e c i f i c  p r o b e s .  T h i s  w o u ld  a v o id  t h e  n e e d  t o  f i r s t  i s o l a t e  t h e  o rg a n is m  an d  
t h e n  s u b j e c t  i t  t o  SDS-PAGE an d  m ig h t a l s o  a l l o w  d e t e c t i o n  o f  t h e  o rg a n is m  
w hen  t h e r e  a r e  l i t t l e  o r  n o  v i s i b l e  s i g n s  o f  c o l o n i s a t i o n .  F o re m o s t  a m o n g s t 
m o le c u l a r  p r o b e s  a r e  a n t i b o d i e s  an d  th e  a p p l i c a t i o n  o f  im m u n o lo g ic a l  
t e c h n o lo g y  t o  S.lacrym ans  h a s  a l lo w e d  t h e  p r o d u c t i o n  o f  b o t h  p o l y c l o n a l  an d  
m o n o c lo n a l  r e a g e n t s .  S im p le  im m u n is a tio n  o f  a  r a b b i t  w i th  f r e e z e  d r i e d
e x t r a c t s  o f  S.lacrym ans  FPRL 12C p r o d u c e d  a n  a n t i s e r u m ,  w h ic h ,  w h i l s t  i t  
sh o w ed  l i t t l e  s p e c i f i c i t y  f o r  t h i s  o rg a n is m  c o u ld  n e v e r t h e l e s s  d e t e c t  th e  
f u n g u s  i n  w ood w hen i t  w as p r e s e n t  a t  e a r l y  s t a g e s  o f  t h e  d e c a y  p r o c e s s .  T hus 
s m a l l  p i n e  b l o c k s  i n f e c t e d  w i t h  S .lacrym ans, b u t  w i th  w e ig h t  l o s s e s  o f  l e s s  
t h a n  5% ( i n d i c a t i n g  a  r e l a t i v e l y  e a r l y  s t a g e  o f  d e g r a d a t i o n  o f  t h e  
m a c r o m o le c u la r  m a t e r i a l  o f  t h e  b l o c k ) , g a v e  p o s i t i v e  r e s u l t s  i n  s im p le  
im m u n o a ssa y s  s u c h  a s  d o t  b l o t  a s s a y s  a n d  o t h e r  enzym e im m u n o a ssa y s . 
F u r t h e r m o r e ,  w e s t e r n  b l o t  a n a l y s i s  o n  e x t r a c t s  o f  s u c h  b l o c k s  r e v e a l e d  a  
d i s t i n c t  p a t t e r n  o f  a n t i g e n  b a n d s .  S i m i l a r  t y p e s  o f  w e s t e r n  b l o t  a n a l y s i s  on  
e x t r a c t s  o f  l i q u i d  c u l t u r e  g row n  m a t e r i a l  i n d i c a t e d  b a n d in g  p a t t e r n s  w h ic h , 
w h i l s t  n o t  i d e n t i c a l  t o  t h e  wood grow n m a t e r i a l ,  w e re  r e l a t i v e l y  s i m i l a r .  By 
c o n t r a s t  w e s t e r n  b l o t  a n a l y s i s  o f  o t h e r  wood d e c a y  b a s i d io m y c e t e s  i n d i c a t e d  a 
v e r y  w id e  r a n g e  o f  d i f f e r e n t  p r o f i l e s  ( F ig  3 ) .  T h u s , a s  w i t h  SDS-PAGE, 
o r g a n is m s  c a n  b e  r e a d i l y  i d e n t i f i e d  on  th e  b a s i s  o f  a  m a c r o m o le c u la r  p r o f i l e ,  
i n  t h i s  c a s e  a n  a n t i g e n  p r o f i l e  r a t h e r  t h a n  a  p r o t e i n  p r o f i l e .  A g a in ,  a s  w i th  
SDS-PAGE a n a l y s i s ,  p r o f i l e s  f o r  S.lacrym ans  a n d  S .h lm a n tlo id es  w e re  s i m i l a r  
w h e r e a s  p r o f i l e s  f o r  t h e  o t h e r  fo rm e r  m em bers o f  t h e  Serpula  g e n u s , 
L .t lg n ic o la  a n d  L .p in a sc r i  w e re  v e r y  d i f f e r e n t .
F i g  3 R e a c t i o n  o f  th e  S.lacrym ans  a n t i s e r u m  w i t h  a  
r a n g e  o f  d i f f e r e n t  f u n g a l  
s p e c i e s .
T r a c k s  1 a n d  17 c o n t a i n e d  
m o le c u l a r  w e ig h t  m a r k e r s ,  2 
a n d  16 t h e  s t a n d a r d  
p r e p a r a t i o n  o f  S.lacrym ans  
a n d  t r a c k s  3 t o  15 
D . c o n c e n t r i c a ,  C .v e r s ic o lo r ,D .qu erc in a , P .p la c e n ta ,
P .g lg a n te a , G .sep iariu m ,L .le p id e u s , L .p in a s t r i ,P . L n cra ssa ta , A .xantha,
P .p a n u o id es , F . v a i l l a n t i i  
a n d  C .puteana  r e s p e c t i v e l y .
N o ta b le  d i f f e r e n c e s  b e tw e e n  t h e  a n t i g e n  a n d  t h e  p r o t e i n  p r o f i l e s  o b t a i n e d  i n  
t h e s e  s t u d i e s  r e l a t e  t o  t h e  a p p e a r a n c e  o f  t h e  m a jo r  c o m p o n e n ts  f o u n d  i n  th e  
tw o  s y s te m s .  F i r s t l y ,  p r o t e i n  p r o f i l e s  c o n s i s t e n t l y  r e v e a l  u p w a rd s  o f  30 v e r y  
w e l l  d e f i n e d  b a n d s  w h e re a s  f e w e r  a n t i g e n  c o m p o n e n ts  a r e  f o u n d .  S e c o n d ly  i n  th e  
b l o t t i n g  s y s te m  u s e d  i n  t h e s e  s t u d i e s  ( a  s e m i- d r y  m e th o d  d e v e lo p e d  b y  
K h y s e -A n d e rs o n  ( 1 9 8 4 ) ,  f ro m  t h e  b a s i c  m e th o d  o f  T ow bin  e t  a l  ( 1 9 7 9 ) )  t h e  m a jo r  
a n t i g e n  b a n d s  l o c a t e d  f o r  S.lacrym ans  w e re  r a t h e r  i n d i s t i n c t  a n d  d i d  n o t  
d i r e c t l y  r e l a t e  t o  a n y  o f  t h e  m a jo r  p r o t e i n  b a n d s .  E x te n s i v e  e f f o r t s  w e re  made 
t o  i n c r e a s e  t h e  s h a r p n e s s  o f  t h e  b a n d s  b y  t h e  u s e  o f  p r o t e o l y t i c  i n h i b i t o r s  i n  
e x t r a c t i o n  b u f f e r s ,  t h e  c o o l i n g  o f  a l l  r e a g e n t s  t o  4oC a n d  a  r e d u c t i o n  i n  th e  
t im e  r e q u i r e d  f o r  p r o c e s s i n g  p r i o r  t o  a p p l i c a t i o n  o f  t h e  s a m p le s  t o  t h e  g e l s .  
N one o f  t h e s e  h a d  a  m ark e d  e f f e c t  o n  t h e  n a t u r e  o f  t h e  m a jo r  a n t i g e n s .  I t  
t h e r e f o r e  se e m s  p r o b a b le  t h a t  t h e s e  a n t i g e n s  a r e  p a r t i c u l a r l y  s u s c e p t i b l e  t o  
p o s t - t r a n s l a t i o n a l  p r o c e s s i n g  I n  some w ay . A c o m p a r is o n  o f  t h e  m a jo r  a n t i g e n s  
i n  s t a n d a r d  l i q u i d  c u l t u r e  m a t e r i a l  a n d  i n  i n f e c t e d  w ood r e v e a l e d  s i m i l a r  
b a n d in g  p a t t e r n s .  H ow ever t h e  m o le c u la r  w e ig h t s  o f  t h e  tw o  m a jo r  a n t i g e n s  
e x t r a c t e d  f ro m  i n f e c t e d  wood w e re  som ew hat h i g h e r  t h a n  t h o s e  f o u n d  I n  t h e  
l i q u i d  c u l t u r e  m a t e r i a l .  I t  seem s p o s s i b l e  t h e r e f o r e  t h a t  t h e  m o le c u la r
p r o c e s s i n g  e v e n t ,  w h ic h  may w e l l  r e l a t e  t o  some ty p e  o f  c h a i n  d e g r a d a t i o n ,  i s  
m ore a d v a n c e d  i n  t h e  l i q u i d  c u l t u r e  m a t e r i a l  t h a n  i n  m a t e r i a l  e x t r a c t e d  from  
i n f e c t e d  wood b l o c k s .
As F ig  3 i n d i c a t e s  th e  a n t i s e r u m  p r o d u c e d  i n  t h i s  s t u d y  show ed  r e l a t i v e l y  
l i t t l e  s p e c i f i c i t y .  I t  c o u ld  b e  u s e d  f o r  i d e n t i f i c a t i o n  o f  p u r e  c u l t u r e  
m a t e r i a l  u s i n g  w e s t e r n  b l o t t i n g  t e c h n i q u e s  b u t  i t s  r e l e v a n c e  t o  t h e  d i r e c t  
d e t e c t i o n  a n d  i d e n t i f i c a t i o n  o f  f i e l d  m a t e r i a l  w as l i m i t e d .  H ow ever, s i n c e  th e  
SDS-PAGE p r o f i l e s  a n d  t h e  a n t i g e n  p r o f i l e s  o b t a i n e d  f o r  d i f f e r e n t  d e c a y  
o rg a n is m s  b o th  a p p e a r e d  t o  b e  u n i q u e ,  th e  s u c c e s s f u l  d e v e lo p m e n t  o f  m ore 
s p e c i f i c  a n t i b o d y  b a s e d  m o le c u la r  p r o b e s  seem ed  a  p r o b a b i l i t y .  To t h i s  e n d , 
a n d  i n  common w i th  o t h e r  a r e a s  o f  m y co lo g y  w h e re  s p e c i f i c  o rg a n is m  d e t e c t i o n  
i s  r e q u i r e d  ( e . g .  M i t c h e l l  1 9 8 8 , Dewey eC a l  198 9 ) i t  seem ed  t h a t  a  p o s s i b l e  
m e th o d  t o  p ro d u c e  r e a g e n t s  w i th  t h e  r e q u i r e d  d e g r e e  o f  s p e c i f i c i t y  w o u ld  be  to  
d e v e lo p  m o n o c lo n a l  a n t i b o d i e s .  U s in g  a s im p le  im m u n is a t io n  s c h e d u le  b a s e d  on  
t h a t  u s e d  t o  p ro d u c e  p o l y c l o n a l  a n t i s e r a  t o  o t h e r  d e c a y  f u n g i  (G la n c y  e t  a l 
198 9 ) m ic e  h y p e r im m u n is e d  w i th  S.lacrym ans  w e re  p r e p a r e d ,  a n d  m o n o c lo n a l  
a n t i b o d i e s  p ro d u c e d ,  b y  s im p le  m o d i f i c a t i o n s  o f  t h e  o r i g i n a l  m e th o d  o f  K o h le r  
an d  M i l s t e i n  ( 1 9 7 4 ) .  W h i l s t  a  num b er o f  r e l a t i v e l y  n o n - s p e c i f i c  a n t i b o d i e s  
w e re  p r o d u c e d  b y  t h i s  t e c h n iq u e  som e a n t i b o d i e s  h a v e  b e e n  o b t a i n e d  t h a t  
e x h i b i t  t h e  r e q u i r e d  d e g r e e  o f  s p e c i f i c i t y  (T a b le  2 ) .  The p o s s i b l e  u s e  o f  s u c h  
r e a g e n t s  a s  t h e  b a s i s  o f  s im p le  d e t e c t i o n  s y s te m s  i s  c u r r e n t l y  u n d e r  t e s t .
T a b le  2 C ro s s  r e a c t i v i t y  o f  a n t i b o d i e s  w i th  a  v a r i e t y  o f  f u n g a l  i s o l a t e s  
A n t ib o d y  F u n g a l  I s o l a t e
(c o d e  n o . ) 1 2 3 4 5 6 7 8 9 10
7 /2 2 + +
7 /1 8 0 - - + + - - - + - +7 /4 6 5 + + + + - - + - + +
7 /7 0 4 +
7 /7 0 5 +
7 /3 8 - - - - + - - - - +
7 /2 6 - - + - - - + - +
1 1 /1 8 + - - + - - + - - +
1 1 /6 4 - - - - + + + + - +
1 1 /5 5 + + - + + + + + - +
1 1 /4 8 + + + + + + + + + +
+ i n d i c a t e s  a  p o s i t i v e  r e a c t i o n  i n  a n  enzym e im m u n o assay  t e s t  
- i n d i c a t e s  a  n e g a t i v e  r e a c t i o n  i n  t h e  im m u n o assay  t e s t
T he f o l l o w in g  f u n g i  w e re  t e s t e d  f o r  c r o s s  r e a c t i v i t y  w i th  t h e  11 m o n o c lo n a l  
a n t i b o d i e s  l i s t e d  a b o v e . 1 : C .pu teana, 2 : F .v a i l l a n c i i , 3 : L .p in a s t r i , 4 : P .g ig a n te a ,  5 : D .co n cen tr ica ,  6 : C .p ic ea ,  7 : P .panuoides, 8 : D .quercina, 9: 
P . in c r a s s a ta , 1 0 : S.lacrym ans. D e t a i l s  o f  a l l  i s o l a t e s  u s e d  c a n  b e  fo u n d  in  
P a l f r e y m a n  e t  a l  ( 1 9 9 0 ) .
CONCLUSIONS
T h e s e  s t u d i e s  d e m o n s t r a te  t h a t  a n a l y s i s  o f  t h e  p r o t e i n  c o m p o n e n ts  o f  
S.lacrym ans  e i t h e r  b y  SDS-PAGE o r  b y  u s e  o f  a n t i b o d y  p r o b e s  c a n  b e  u s e f u l  i n  
t h e  i d e n t i f i c a t i o n  o f  t h e  o r g a n is m , t h a t  t h e  n a t u r e  o f  t h e  m a jo r  a n t i g e n s  
d e t e c t e d  w hen t h e  o rg a n is m  g ro w s  on  d i f f e r e n t  s u b s t r a t e s  v a r i e s  a n d  t h a t  
o rg a n is m  s p e c i f i c  p r o b e s  f o r  S.lacrym ans  c a n  b e  p ro d u c e d .  As w e l l  a s  im p ro v in g
JWT4WHW'jy Wfftiif1". ," T-.-w*. *>>*, 1 L,wuw
------------ «**iu t u e n t u i c a t i o n  o f  S .lacrym ans  t h e  t e c h n i q u e s
a n d  r e a g e n t s  d i s c u s s e d  i n  t h i s  p a p e r  w i l l  u n d o u b te d ly  c o n t r i b u t e  t o  s t u d i e s  
r e l a t i n g  t o  n u m ero u s  o t h e r  a s p e c t s  o f  t h e  o r g a n is m .
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Introduction
The majority of papers presented in this workshop have concerned the 
application of molecular methods to fungal plant pathogens. These methods 
are increasingly being used in other areas of mycology where identification 
and detection of fungi is important. Studies using these methods have been 
reported in areas which are as diverse as clinical diagnosis and evaluation 
of foodstuffs. This report concerns the application of molecular methods to 
the identification and detection of wood decay basidiomycetes. Studies at 
Dundee Institute of Technology have concentrated on Lentinus lepldeus (a 
major cause of failure of creosote treated timber) and Serpula lacrymans 
(the causative organism of dry rot). Results relating to the latter 
organism are presented in this paper.
Identification of S. lacrymans
The identification of S. lacrymans poses little problem to experts in fungal 
taxonomy. The fruit body of the organism is easily distinguished from other 
basidiomycetes, with the possible exception of S. himantloides, whilst in 
laboratory culture the organism shows a number of specific characteristics, 
e.g. an unusual heat sensitivity and low temperature growth optimum. 
However identification of S. lacrymans by less experienced persons is not 
easy and disputes occasionally arise, with major financial implications, 
around the identification of outbreaks of decay fungi. Since protein 
analysis has been used in other areas of mycology to aid the identification 
of fungi, the applicability of this type of analysis to S. lacrymans was 
investigated.
A g ro u p  o f  14 i s o l a t e s  o f  S . l a c ry m a n s  from  E u ro p e , th e  U .S .A . an d  A u s t r a l i a  
w ere  o b t a in e d  f o r  a n a l y s i s ,  grow n on 5% m a l t  e x t r a c t  b r o t h  a t  2 2 ’ C, 
h a r v e s t e d ,  f r e e z e  d r i e d  and  s t o r e d  a t  -2 0 * C . The d r i e d  m a t e r i a l  was th e n  
a n a ly s e d  u s in g  so d iu m  d o d e c y l  s u l p h a t e  p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s  
(SD S-PAGE). A c o n s i s t e n t  b a n d in g  p r o f i l e  was o b t a i n e d  f o r  a  s e r i e s  o f  
e x t r a c t s  from  d i f f e r e n t  s u b c u l t u r e s  o f  th e  s t a n d a r d  o rg a n is m  ( FPRL 1 2 C ). A 
c o m p a r is o n  o f  th e  ra n g e  o f  14 S . la c ry m a n s  i s o l a t e s  w i th  th e  s t a n d a r d  
p r o f i l e  f o r  FPRL 12C i n d i c a t e d  t h a t  m o st o f  them  w ere i d e n t i c a l .  H ow ever, 
tw o i s o l a t e s  h ad  p r o f i l e s  w h ic h ,  a l th o u g h  s i m i l a r  t o  FPRL 12C, show ed some 
d i f f e r e n c e s .  One o f  t h e s e  o rg a n is m s  h a s  now b e en  i d e n t i f i e d  a s  S . 
h i m a n t i o i d e s .
I f  SDS-PAGE i s  to  be u s e d  f o r  i d e n t i f i c a t i o n  p u r p o s e s ,  i t  i s  e s s e n t i a l  t h a t  
o t h e r  o rg a n is m s  i n  a  s i m i l a r  e n v iro n m e n t  m u st be e a s i l y  d i s t i n g u i s h e d  from  
S , la c ry m a n s  on th e  b a s i s  o f  t h e i r  p r o t e i n  p r o f i l e s .  A num ber (1 8 )  o f  o t h e r  
wood d e c a y  b a s id io m y c e t e s  w ere  a n a ly s e d  by SDS-PAGE and  a l l  o f  them  p ro d u c e d  
d i f f e r e n t  p r o f i l e s  t o  b o th  S . la c ry m a n s  and  e a c h  o t h e r .  T h ese  s t u d i e s ,  now 
c o n f i r m e d  by g r a p h i c a l  a n a l y s i s  o f  g e l  p a t t e r n s ,  h av e  i n d i c a t e d  t h a t  
i d e n t i f i c a t i o n  o f  S .  la c ry m a n s  by SDS-PAGE i s  f e a s i b l e  and  th e  t e c h n iq u e  h a s  
b e e n  v a l i d a t e d  on a  num ber o f  new , p u t a t i v e ,  i s o l a t e s  o f  S la c ry m a n s  w h ich  
g a v e  p r o t e i n  p r o f i l e s  s i m i l a r  t o  FPRL 12C.
F u r t h e r  s t u d i e s  hav e  shown t h a t  when S . la c ry m a n s  FPRL 12C was grow n on wood 
d i f f e r e n t  p r o f i l e s  w e re  p ro d u c e d  c o m p a red  w i th  th o s e  c o n s i s t e n t l y  o b t a in e d  
when i t  was grow n on m a l t  e x t r a c t .  W h e th e r su c h  p r o f i l e s  a r e  c o n s i s t e n t  
w i t h in  a  p a r t i c u l a r  s e t  o f  c o n d i t i o n s  i s  c u r r e n t l y  u n d e r  i n v e s t i g a t i o n .  
D i f f e r e n t  p r o t e i n  p a t t e r n s  w ere  a l s o  fo u n d  f o r  d i f f e r e n t  m o r p h o lo g ic a l
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forms of S. lacrymans and tin's may tie consistent within those forms, e.g. 
strand material may always give the same profile which may differ from that 
found for the standard preparation of S. lacrymans. Thus, given an 
appropriate standard and guidelines for sample collection, it may be 
possible to identify material taken directly from the surface of infected 
wood without intervening isolation procedures. Whether such methodology 
would also be appropriate to the identification of organisms within wood 
samples, where specific identification of an organism against a background 
of other organisms is required, is under investigation.
Immunological Studies on S. lacrymans
To facilitate identification of S. lacrymans in the type of complex mixture 
which could exist in a sample of infected wood, it was necessary to develop 
specific probes. Simple immunisation of a rabbit with freeze dried extracts 
of S. lacrymans FPRL 12C mycelium produced an immunological probe which 
although showing little specificity for the fungus, could nevertheless 
detect it in wood at early stages of decay. Small pine blocks infected with 
S. lacrymans, but with weight losses of less than 5% (indicating a 
relatively early stage of degradation of the macromolecular material of the 
block), gave positive results in simple immunoassays. Western blot analysis 
on extracts of such blocks revealed a distinct pattern of antigen bands. 
Furthermore Western blot analysis on extracts of liquid culture grown 
material indicated banding patterns which were relatively similar but had a 
few notable differences to the wood grown material. By contrast, Western 
blot analysis of other wood decay basidiomycetes indicated a very wide range 
of different profiles. Thus the use of immunological probes enables
organisms to be readily identified on the basis of a macromolecular profile, 
in this case an antigen profile rather than a protein profile. Antigen 
profiles for S. lacrymans and S. himantloides were similar confirming 
earlier concusions from SDS-PAGE analysis.
The antiserum to S. lacrymans could be used for identification of pure 
culture material using Western blotting but its relevance to direct 
detection and identification of field material was limited. However, since 
the SDS-PAGE profiles and the antigen profiles obtained for different decay 
organisms both appeared to be unique, the successful development of more 
specific antibody based molecular probes seemed a probability. Monoclonal 
antibodies were developed using a simple immunisation schedule based on that 
used to produce polyclonal antisera to other decay fungi. Mice 
hyper immunised with S. lacrymans were prepared and monoclonal antibodies 
produced by simple modifications of the original method of Kohler and 
Milstein. Whilst a number of non-specific antibodies were produced, some 
antibodies have been obtained with the required degree of specificity. The 
possible use of such reagents in simple detection systems is currently under test.
Conclusions
These studies demonstrated firstly that analysis of the protein components 
of S. lacrymans either by SDS-PAGE or by use of antibody probes can be useful 
in the identification of the organism, secondly that the nature of the major 
antigens detected when the organism grows on different substrates varies 
and, finally that organism-specific probes for S. lacrymans can be produced. 
As well as improving methodology for the detection and identification of S. 
lacrymans, the techniques and reagents discussed in this paper will 
undoubtedly contribute to other studies relating to this and other wood 
decay basidiomycetes.
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SUMMARY
A n t i g e n i c  p r o t e i n s  fro m  a  v a r i e t y  o f  i s o l a t e s  o f  S e r p u l a  la c rv m a n s  an d  o t h e r  
w ood d e c a y  b a s id io m y c e t e s  w e re  c o m p a red  u s i n g  W e s te rn  b l o t t i n g .  M ost i s o l a t e s  
o f  S . la c rv m a n s  g a v e  i d e n t i c a l  p r o f i l e s  w h i le  o t h e r  o rg a n is m s  g a v e  v e r y  
d i f f e r e n t  p r o f i l e s .  The m a jo r  a n t i g e n s  o f  S . la c ry m a n s  w e re  n o t  a s s o c i a t e d  w i th  
a n y  e a s i l y  i d e n t i f i a b l e  p r o t e i n  s p e c i e s  a n d  t h e i r  a p p e a r a n c e  a s  r a t h e r  
i n d i s t i n c t  b a n d s  s u g g e s t s  t h a t  t h e y  a r e  e i t h e r  r e a d i l y  d e g r a d e d  d u r i n g  th e  
o r g a n is m s  l i f e  c y c l e  o r  e x t e n s i v e l y  p r o c e s s e d .  S . l a c r v m a n s  g row n  i n  wood 
s a m p le s  p r o d u c e d  m ore d i s t i n c t  b a n d s  w hen t e s t e d  b y  W e s te rn  b l o t t i n g  a n d  th e  
b a n d s  p r o d u c e d  w e re  s i m i l a r  i n  b o th  m o le c u la r  w e ig h t  a n d  a p p e a r a n c e  t o  b a n d s  
fro m  e x t r a c t s  o f  a c t i v e l y  g ro w in g  r e g io n s  o f  m y c e l i a l  c u l t u r e s .  I t  i s  
s u g g e s t e d  t h a t  t h e s e  b a n d s  may r e p r e s e n t  s p e c i f i c  m o le c u la r  fo rm s  o f  a n t i g e n s  
a s s o c i a t e d  w i t h  p a r t i c u l a r  o rg a n is m  g ro w th  p h a s e s  a n d  f u r t h e r  t h a t  
im m u n o lo g ic a l  m e th o d s  may b e  a p p l i c a b l e  t o  t h e  d e t e c t i o n  a n d  i d e n t i f i c a t i o n  o f  
S .1 a c rv m a n s  grow n  i n  e i t h e r  l i q u i d  ( o r  a g a r )  c u l t u r e  o r  i n  i t s  n a t u r a l  
s u b s t r a t e ,  v i z .  w ood.
KEY WORDS : S e r p u l a  l a c r v m a n s . im m u n o b lo t t in g ,  g ro w th  p h a s e  a n t i g e n s
INTRODUCTION
R e c e n t  s t u d i e s  h a v e  i n d i c a t e d  t h a t  t h e  m o le c u la r  n a t u r e  o f  t h e  wood d e c a y  
f u n g u s ,  S e r p u l a  l a c r v m a n s . c a n  b e  u n i q u e l y  d e f in e d  u s i n g  t h e  t e c h n iq u e  o f  
so d iu m  d o d e c y l s u l p h a t e  p o ly a c r y l a m id e  g e l  e l e c t r o p h o r e s i s  (SDS-PAGE) (V ig ro w  
e t  a l  1 9 8 9 , S c h m id t  a n d  K e b e rn ik  1 9 8 9 ) .  W h i l s t  t h i s  t e c h n iq u e  c a n  p r o v id e  a  
s t a n d a r d  m e th o d  f o r  i s o l a t e  i d e n t i f i c a t i o n  i t  i s  co m p le x  a n d  c a n n o t  b e  
p e r f o rm e d  s im p ly  a s  a  r o u t i n e  m e th o d . H ow ever s i n c e  m o le c u la r  d i f f e r e n c e s  
b e tw e e n  b a s i d io m y c e t e s  h a v e  b e e n  i d e n t i f i e d  i t  i s  o f  i n t e r e s t  t o  i n v e s t i g a t e  
w h e th e r  o t h e r  m o le c u la r  b a s e d  t e c h n i q u e s  c o u ld  b e  u s e d  f o r  i d e n t i f i c a t i o n  
p u r p o s e s .
T he e x t e n s i v e  u s e  o f  im m u n o lo g ic a l  m e th o d s  i n  o t h e r  a r e a s  o f  m y c o lo g y , f o r  
e x am p le  i n  t h e  i d e n t i f i c a t i o n  o f  p l a n t  p a th o g e n s ,  e . g .  P h v to p h th o r a  s p p . 
(H a n se n  e t  a l  1 9 8 6 ) a n d  i n  m e d ic a l  d i a g n o s i s ,  e . g .  A s p e r g i l l u s  i n f e c t i o n s  
(H ip p  e t  a l  1 9 7 0 ) ,  s u g g e s t e d  t h a t  d e t e c t i o n  an d  i d e n t i f i c a t i o n  o f  
b a s i d io m y c e t e s  s u c h  a s  S . la c rv m a n s  m ig h t  b e  p o s s i b l e  u s i n g  im m u n o lo g ic a l  
m e th o d s  a n d  r e c e n t  r e p o r t s  o f  t h e  a p p l i c a t i o n  o f  p o l y c l o n a l  a n d  m o n o c lo n a l  
a n t i b o d i e s  t o  s t u d i e s  o f  s u c h  o rg a n is m s  h a v e  c o n f i r m e d  t h i s  i d e a  ( G o o d e l l  an d  
J e l l i s o n  1 9 8 6 , P a l f r e y m a n  e t  a l  1 9 8 7 , S r e b o t n ik  e t  a l  1 9 8 8 ) .
Im m u n o lo g ic a l  m e th o d s  o f f e r  a  s i g n i f i c a n t  a d v a n ta g e  o v e r  c u r r e n t  m e th o d o lo g y  
a s  i t  h a s  b e e n  show n t h a t  t h e y  c a n  b e  u s e d  t o  d e t e c t  d e c a y  f u n g i  d i r e c t l y  i n  
w ood s a m p le s  ( P a l f r e y m a n  e t  a l  1 9 8 8 ) th o u g h  a n t i g e n i c  d i f f e r e n c e s  w ere  
r e p o r t e d  b e tw e e n  c u l t u r e s  g row n  i n  l i q u i d  m ed ia  a n d  t h o s e  e x t r a c t e d  fro m  w ood. 
W h i l s t  t h i s  i s  c o n s i s t e n t  w i th  th e  m o le c u la r  b e h a v io u r  o f  f u n g a l  
m ic r o o r g a n i s m s  i t  p o t e n t i a l l y  r a i s e s  p ro b le m s  s i n c e  i t  i n d i c a t e s  t h a t  i f  m ore 
s p e c i f i c  m o le c u l a r  p r o b e s  t o  S . la c rv m a n s  a r e  d e v e lo p e d  t h e y  may n o t  r e a c t  w i th  
t h e  o rg a n is m  w hen  grow n  on  d i f f e r e n t  s u b s t r a t e s .  I n  o r d e r  t o  d e f in e  th e  
a n t i g e n i c  n a t u r e  o f  S . la c rv m a n s  t h e  r a n g e  o f  d i f f e r e n t  i s o l a t e s  w h ic h  w ere  
u s e d  i n  p r e v i o u s  s t u d i e s  (V ig ro w  e t  a l  1 9 8 9 ) h a v e  b e e n  i n v e s t i g a t e d  b y  W e s te rn  
b l o t t i n g .  T h e i r  a n t i g e n i c i t y  u n d e r  d i f f e r e n t  g ro w th  c o n d i t i o n s  h a s  a l s o  b e e n
studies. The results are presented in this paper.
MATERIALS AND METHODS 
A n t ig e n s  an d  a n t i s e r u m
F u n g a l  i s o l a t e s  u s e d  i n  t h i s  s t u d y  h a v e  p r e v i o u s l y  b e e n  d e s c r i b e d  (V ig ro w  e t  
a l  1 9 8 9 ) a n d  s a m p le s  u s e d  f o r  SDS-PAGE a n d  W e s te rn  b l o t t i n g  w e re  p r e p a r e d  a s  
d e t a i l e d  i n  t h a t  p a p e r .  S , la c rv m a n s  FPRL 12C w as p r e p a r e d  a s  a n  im m unogen a s  
d e c r i b e d  f o r  L e n t i n u s  l e p i d e u s  (G la n c y  e t  a l  1 9 8 9 ) an d  im m u n ise d  i n t o  a New 
Z e a la n d  W h ite  r a b b i t  i n  F r e u n d 's  c o m p le te  a d ju v a n t  ( p r im a r y  im m u n is a t io n )  
f o l lo w e d  b y  F r e u n d 's  i n c o m p le te  a d j u v a n t  ( s e c o n d a r y  im m u n i s a t i o n ) .  B o th  ty p e s  
o f  im m u n is a t io n  u s e d  5mg o f  a n t i g e n  d i s p e r s e d  i n  2ml o f  p h o s p h a te  b u f f e r e d  
s a l i n e  ( PBS) / a d j u v a n t  e m u ls io n  a n d  c o n s i s t e d  o f  m u l t i p l e  s u b - c u t a n e o u s  
i n j e c t i o n s .
A n a l y s i s  o f  v a r i a t i o n  b e tw e e n  m o r p h o lo g i c a l  r e g io n s  o f  S . la c r v m a n s  w as c a r r i e d  
o u t  u s i n g  a  s i m i l a r i t y  i n d e x  r e p o r t e d  i n  P a l f r e y m a n  e t  a l  (1 9 9 0 )
E l e c t r o p h o r e s i s  a n d  Im ro u n o b lo t t in g
E x t r a c t s  o f  f u n g a l  i s o l a t e s  w e re  s e p a r a t e d  b y  SDS-PAGE u s i n g  t h e  m eth o d  o f  
L aem m li ( 1 9 7 0 ) .  G r a d i e n t  g e l s  w e re  u s e d  t h r o u g h o u t  (V ig ro w  e t  a l  1 9 8 9 ) .  The 
W e s te rn  b l o t t i n g  o f  s e p a r a t e d  s a m p le s  on  t o  Im m o b ilo n  ( M i l l i p o r e  L t d . ,  U .K .)  
w as a c h i e v e d  b y  u s i n g  t h e  S a r t o b l o t  s e m i - d r y  e l e c t r o p h o r e t i c  t r a n s f e r  s y s te m  
( S a r t o b l o t  I I ,  S a r t o r i u s  L t d . )  f o l l o w in g  t h e  m e th o d  o f  T ow bin  e t  a l  (1 9 7 9 )  a s  
m o d if i e d  b y  K h y s e -A n d e rs o n  ( 1 9 8 4 ) .The m a n u f a c t u r e r ’ s  p r o t o c o l  w as u s e d  
t h r o u g h o u t  e x c e p t  t h a t  t h e  b l o t t i n g  p r o c e s s  w as c a r r i e d  o u t  a t  0 .8  mA/cm2 o f
g e l  f o r  30 m in  a t  4oC f o l lo w e d  b y  a  f u r t h e r  1 .2  mA/cm2 o f  g e l  f o r  30 m in . To
c h e c k  t h a t  e f f i c i e n t  t r a n s f e r  o f  a n t i g e n s  h a d  o c c u r r e d  s t r i p s  o f  Im m o b ilo n  
c o n t a i n i n g  s e p a r a t e d  s t a n d a r d  p r o t e i n s  w e re  s t a i n e d  u s i n g  t h e  I n d i a n  in k  
m e th o d  o f  H an co ck  a n d  T sa n g  ( 1 9 8 3 ) .  G e ls  t o  b e  a n a l y s e d  d i r e c t l y  f o r  p r o t e i n  
w e re  s t a i n e d  b y  t h e  s i l v e r  s t a i n i n g  m e th o d  o f  Blum e t  a l  ( 1 9 8 7 ) .
The Im m o b ilo n  w as w ash ed  x2 w i th  P B S /0 .05%  Tween 20 a f t e r  b l o t t i n g .  The low  
m o le c u la r  w e ig h t  s t a n d a r d  p r o t e i n  (LMWt s t a n d a r d s )  t r a c k s  w e re  c u t  o f f  an d  
s t a i n e d  a s  d e s c r i b e d  a b o v e . T he n o n - s p e c i f i c  b i n d in g  s i t e s  on  t h e  Im m o b ilo n  
w e re  b l o c k e d  f o r  1 h o u r  a t  4oC u s i n g  PBS c o n t a i n i n g  0.5%  Tw een 20 a n d  10% new 
b o m  c a l f  se ru m  (NCS) a n d  s t a i n e d  b y  i )  i n c u b a t i n g  o v e r n i g h t  a t  4oC w i th  
S , la c rv m a n s  a n t i s e r u m  d i l u t e d  1 :1 6 0 0  i n  P B S / 0.05%  Tween 2 0 /  5% NCS, i i )  5 
w a sh e s  w i t h  PB S/0.05%  Tween 2 0 , i i i )  i n c u b a t i o n  f o r  l h  w i t h  h o r s e r a d i s h  
p e r o x id a s e  l i n k e d  a n t i  r a b b i t  s e ru m  ( 1 :2 0 0  i n  P B S /0,05%  Tw een 2 0 /  5% NCS) a t
room  t e m p e r a t u r e ,  i v )  6 w a sh e s  w i t h  P B S /0 .05%  Tw een 2 0 , v )  2 w a sh e s  w i th  PBS
a n d  v i )  b o u n d  a n t i b o d y  d e t e c t e d  w i t h  d i a m in o b e n z id in e  o r  d i a m in o b e n z id in e  
e n h a n c e d  w i th  n i c k e l  c h l o r i d e .  When t h e  l a t t e r  d e t e c t i o n  s y s te m  w as u s e d  2 
a d d i t i o n a l  w a sh e s  w i th  T r i s  50mM pH 7 .6  p r e c e d e d  th e  u s e  o f  t h e  c h ro m o g e n . I n  
b o th  c a s e s  c o lo u r  d e v e lo p m e n t  w as s t o p p e d  w i th  a  f i n a l  PBS w ash  p r i o r  t o  
d r y i n g  t h e  Im m o b ilo n .
P r e p a r a t i o n  o f  o t h e r  S . l a c rv m a n s  e x t r a c t s
S . la c rv m a n s  d e c a y e d  wood b l o c k s  w e re  p r e p a r e d  a s  d e s c r i b e d  i n  P a l f r e y m a n  e t  a l  
(1 9 9 0 )  e x c e p t  t h a t  1cm c u b e  p i n e  w ood b l o c k s  w e re  u s e d  i n  a d d i t i o n  t o  l im e  
b l o c k s ,  a n d  e x t r a c t s  p r e p a r e d  f o r  SDS-PAGE a n d  s u b s e q u e n t  W e s te rn  b l o t t i n g  a s  
a l s o  d e s c r i b e d  i n  t h a t  p a p e r .  'Y o u n g ' m y c e l ia  w e re  p r e p a r e d  fro m  a g a r  g row n 
S , l a c r v m a n s . o n ly  t h e  p e r i p h e r a l  5mra o f  s u c h  c u l t u r e s  b e in g  h a r v e s t e d  b y  
c a r e f u l l y  s c r a p i n g  o f  t h e  m y ce liu m  fro m  t h e  a g a r  s u r f a c e .  The 5mm r e g i o n  o f  
m y ce liu m  a ro u n d  t h e  i n n o c u l a t i o n  c o r e  w as h a r v e s t e d  i n  a  s i m i l a r  m an n e r an d  
w as te rm e d  'a g e d '  m y c e l i a .  B o th  'y o u n g ' a n d  'a g e d '  m y c e l ia  w e re  f r e e z e  d r i e d  
p r i o r  t o  f u r t h e r  a n a l y s i s .
RESULTS
The a n t i g e n i c  p r o f i l e s  o b t a i n e d  by  W e s te rn  b l o t t i n g  f o r  15 d i f f e r e n t  i s o l a t e s  
o f  S . l a c r y m a n s  a r e  show n i n  F i g . l .  W ith  th e  e x c e p t i o n  o f  BF-015B a l l  i s o l a t e s  
g a v e  s i m i l a r  p r o f i l e s .  I n  a l l  i s o l a t e s  two m a jo r  a n t i g e n s  w e re  fo u n d  o f  
m o le c u la r  w e ig h t  5 1 ,0 0 0 - 5 4 ,5 0 0  d a l t o n s  an d  4 1 ,5 0 0 - 4 3 ,0 0 0  d a l t o n s  a n d , a s  c a n  
b e  s e e n  fro m  F ig .  1 , b o th  o f  t h e s e  a n t i g e n s  p ro d u c e d  r e l a t i v e l y  d i f f u s e  b a n d s .  
A v a r i e t y  o f  m in o r  a n t i g e n s  w e re  d e t e c t e d ,  t h e  i n t e n s i t y  an d  d e f i n i t i o n  o f  
som e o f  t h e s e  b a n d s  v a r i e d  fro m  e x p e r im e n t  t o  e x p e r im e n t .
F ig  1 .
W e s te rn  b l o t  a n a l y s i s  o f  e x t r a c t s  o f  i s o l a t e s  o f  S . l a c r v m a n s  T ra c k s  1 a n d  18 
r e p r e s e n t  I n d i a n  in k  s t a i n i n g  o f  m o le c u la r  w e ig h t  m a r k e r s .  T ra c k s  2 a n d  17 
r e p r e s e n t  e x t r a c t s  o f  S . l a c r v m a n s  FPRL 12C, t r a c k s  3 t o  16 r e p r e s e n t  th e  
f o l l o w in g  i s o l a t e s  o f  S , l a c r v m a n s . B F-015B , B F -0 5 0 , B F -0 7 2 , B F -0 4 9 , B F-046 
B F -0 4 4 , B F -0 2 5 , B F -0 2 3 , B F-018A , B F-17B , B F-07B , BF-03A , B F -0 1 , an d  CMI 152233 r e s p e c t i v e l y
A c o m p a r is o n  o f  t h e  a n t i g e n i c  p r o f i l e  o f  t h e  ty p e  s t r a i n  o f  S . la c rv m a n s  (FPRL 
12C) w i t h  a  r a n g e  o f  o t h e r  b a s id io m y c e t e  f u n g i  w h ic h  c a n  b e  i s o l a t e d  fro m  h a r d  
a n d  s o f tw o o d s  o f  c o m m e rc ia l  im p o r ta n c e  i s  show n i n  F ig  2 . A l l  f u n g i  t e s t e d  
g a v e  p a t t e r n s  w h ic h  w e re  v e r y  d i f f e r e n t  t o  t h a t  p ro d u c e d  b y  S . l a c r v m a n s . The 
tw o m a jo r  a n t i g e n s  o f  S , la c rv m a n s  w e re  m is s in g  i n  m o st o t h e r  o r g a n is m s ,  w i th  
t h e  e x c e p t i o n  o f  P o r i a  i n c r a s s a t a  a n d , p o s s i b l y ,  P a x l l l u s  p a n u o id e s . H ow ever, 
a  d e g r e e  o f  c r o s s  r e a c t i v i t y  o f  t h e  a n t i s e r u m  w as n o t e d  w i th  a l l  f u n g i  e x c e p t  
D a ld in e  c o n c e n t r i c a . T h is  c r o s s  r e a c t i v i t y  w as p a r t i c u l a r l y  m ark ed  i n  some o f  
t h e  b a s i d io m y c e t e s  w h ic h ,  l i k e  S . l a c r v m a n s . c a u s e  r o t  o f  s o f tw o o d s  i n  
b u i l d i n g s ,  v i z .  C o n io p h o ra  p u t e a n a . P , p a n u o id e s  a n d  P . i n c r a s s a t a . H ow ever, 2 
o t h e r  b a s i d io m y c e t e s  w h ic h  a l s o  c a u s e  r o t  o f  b u i l d i n g  s o f tw o o d s  show ed l i t t l e  
c r o s s  r e a c t i v i t y ,  v i z .  A m v lo p o r ia  x a n th a  an d  F i b r i o p o r i a  v a i l l a n t i i .
Fig 2.
R e a c t i o n  o f  t h e  S . l a c rv m a n s  a n t i s e r u m  w i th  a  r a n g e  o f  d i f f e r e n t  f u n g a l  
i s o l a t e s .  T r a c k s  1 a n d  17 r e p r e s e n t  m o le c u la r  w e ig h t  m a r k e r s .  T r a c k s  2 a n d  16 
r e p r e s e n t  t h e  s t a n d a r d  p r o f i l e  o f  S . la c rv m a n s  FPRL 12C. T r a c k s  3 t o  15 
r e p r e s e n t  D . c o n c e n t r l c a . C o r l o lu s  v e r s i c o l o r . D a e d a le a  q u e r c i n a . E o s j t ia  
p l a c e n t a . P e n ip o h o r a  g j g a n t e a . G lo e o p h y llu m  s e p i a r l u m . L . l e p l d e u s . S g r p u ja  
p l n a s t r i . P , i n c r a s s a t a . A .x a n t h a . P .p a n u o l d e s . F . v a U l a n f 11 a n d  C .p u t e a n a 
r e s p e c t i v e l y .
The r e s u l t s  show n i n  F ig  1 a n d  2 i n d i c a t e  a  d i f f u s e n e s s  o f  t h e  m a jo r  b a n d s  
a s s o c i a t e d  w i th  th e  a n t i g e n i c  m a t e r i a l  o f  m o s t o f  t h e  wood r o t t i n g  
b a s i d io m y c e t e s  s a m p le d . By c o n t r a s t ,  t h e  a n t i g e n  p a t t e r n s  o f  S . p j n a s t r i ■
L . l e p i d e u s  a n d  G . s e p i a r i u m  show ed  o n ly  one  c r o s s  r e a c t i n g  p r o t e i n  d i s p l a y e d  a s  
a  s h a r p  b a n d . The d i f f u s e n e s s  o f  a n t i g e n  b a n d s  d i s p l a y e d  b y  t h e  m a j o r i t y  o f  
f u n g a l  i s o l a t e s  i s  i n  c o n t r a s t  t o  b o th  t h e  s i l v e r  s t a i n e d  SDS-PAGE p r o f i l e s  
f o r  t h e s e  f u n g i  (V ig ro w  e t  a l  1 9 8 9 ) a n d  I n d i a n  i n k  s t a i n i n g  o f  p a t t e r n s  o f  
p r o t e i n s  t r a n s f e r r e d  t o  Im m o b ilo n  ( d a t a  n o t  show n) a l l  o f  w h ic h  g a v e  s h a r p  
b a n d s .
A n u m b er o f  p r o c e d u r e s  w e re  t r i e d  t o  im p ro v e  t h e  s h a r p n e s s  o f  t h e  b a n d s  
d e t e c t e d  b y  W e s te rn  b l o t t i n g ,  t h e  m o s t s u c c e s s f u l  b e in g  e i t h e r  t h e  u s e  o f  
i n h i b i t o r s  o f  p r o t e o l y s i s  o r  t h e  p r o c e s s i n g  o f  s a m p le s  a t  4oC a n d  t h e i r  
I n i t i a l  e x t r a c t i o n  b e in g  made d i r e c t l y  i n t o  PB S/ b o i l i n g  m ix  ( 2 : 1 )  a t  4oC 
( F i g . 3 ) .  T he l a t t e r  p r o c e d u r e  w as u s e d  f o r  a l l  s u b s e q u e n t  g e l s .  H o w ev er, e v en  
u s i n g  t h i s  m e th o d o lo g y  i t  w as i m p o s s ib le  t o  p r o d u c e  a n  a n t i g e n i c  p r o f i l e  w h ich  
c o m p a re d  i n  s h a r p n e s s  t o  t h e  p r o t e i n  p r o f i l e s  p r o d u c e d  b y  s i l v e r  o r  I n d i a n  in k  
s t a i n i n g .
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Fig 3.
E f f e c t  o f  p r o t e o l y t i c  i n h i b i t i o n  on  th e  a n t i g e n i c  p r o f i l e  o f  S . la c rv m a n s  FPRL 
12C. T r a c k s  1 a n d  13 r e p r e s e n t  m o le c u la r  w e ig h t  m a r k e r s .  T ra c k s  2 an d  12 a r e  
t h e  s t a n d a r d  p r e p a r a t i o n  o f  FPRL 12C. T ra c k s  3 t o  11 r e p r e s e n t  e x t r a c t s  o f  
S i lg c y y m a n s  t r e a t e d  o r  p r e p a r e d  u s i n g  d i f f e r e n t  c o n d i t i o n s .  S am p le s  i n  t r a c k s  
4 , 6 , 8  a n d  10 w e re  e x t r a c t e d  a t  room  t e m p e r a t u r e ,  t h o s e  i n  t r a c k s  3 , 5 , 7 , 9  and  
11 w e re  p r e p a r e d  a t  4oC . S a m p le s  i n  t r a c k s  7 , 8 , 9  a n d  10 w e re  e x t r a c t e d  
d i r e c t l y  i n t o  b o i l i n g  m ix an d  e i t h e r  b o i l e d  f o r  3 m in  p r i o r  t o  s t o r a g e  a t  
-20oC  ( 7 ,8 )  o r  s t o r e d  im m e d ia te ly  a t  -20oC  ( 9 , 1 0 ) .  S am p le s  i n  t r a c k s  3 ,4 ,5  and  
6 w e re  e x t r a c t e d  i n t o  a  s o l u t i o n  c o n t a i n i n g  p h e n y lm e th y l s u lp h o n y l  f l u o r i d e  
( PMSF) an d  e i t h e r  b o i l e d  p r i o r  t o  f r e e z i n g  ( 3 ,4 )  o r  f r o z e n  im m e d ia te ly  a f t e r  
e x t r a c t i o n  ( 5 , 6 ) .  S a m p le s  i n  t r a c k  11 w e re  k e p t  a t  4oC u n t i l  s t o r a g e  by  
f r e e z i n g .
To c o m p are  t h e  a n t i g e n i c  b a n d in g  p a t t e r n  o f  l i q u i d  c u l t u r e  an d  wood grow n 
m a t e r i a l ,  1 cm c u b e  p in e  b lo c k s  w e re  i n f e c t e d  w i th  S . la c rv m a n s  a s  d e s c r ib e d  in  
th e  MATERIALS an d  METHODS . B lo c k s  w i th  w e ig h t  l o s s e s  b e tw e e n  0 an d  24% w ere  
p r o d u c e d  a n d  d e t e r g e n t  (SDS) s o l u b l e  m a t e r i a l  e x t r a c t e d  fro m  th e  m i l l e d  b lo c k s  
an d  a n a l y s e d  b y  SDS-PAGE an d  W e s te rn  B l o t t i n g .  The r e s u l t s  a r e  show n i n  F ig
4 .  U n d e c ay e d  wood sho w ed  v e r y  few  b a n d s  i n  th e  s t a i n e d  g e l s  a n d  no  b a n d s  i n  
t h e  W e s te rn  b l o t .  S i l v e r  s t a i n e d  b a n d s  o b t a i n e d  i n  th e  b lo c k s  sh o w in g  d e c a y  
w e re  som ew hat s i m i l a r  t o  t h e  s t a n d a r d  p r o f i l e  o f  S . la c rv m a n s  FPRL 12C and  
e s t i m a t i o n  o f  t h e  s i m i l a r i t y  in d e x  f o r  f o u r  o f  th e  d e c a y e d  b lo c k s  ( w i th  w e ig h t  
l o s s e s  i n  t h e  r a n g e  1 .5 6  t o  20%) g av e  a  m ean v a lu e  o f  6 4 .1 0  ( ± 0 .7 5 ) .  By 
c o n t r a s t ,  t h e  a n t i g e n i c  p r o f i l e s  o f  wood grow n an d  l i q u i d  c u l t u r e  grow n 
m a t e r i a l  w e re  v e r y  d i f f e r e n t .  I t  w as p a r t i c u l a r l y  n o t i c e a b l e  t h a t  t h e  two 
m a jo r  a n t i g e n s  w h ic h  w e re  p r e s e n t  i n  th e  l i q u i d  c u l t u r e  w e re  n o t  p r e s e n t  i n  
t h e  wood m a t e r i a l .  T h e s e  w e re  a p p a r e n t l y  r e p l a c e d  b y  tw o m a jo r  a n t i g e n s  o f  
m o le c u la r  w e ig h t  5 7 ,0 0 0  an d  4 3 ,0 0 0  d a l t o n s .
Fig 4.
A n a l y s i s  o f  a n t i g e n i c  p r o t e i n s  o f  S . la c rv m a n s  FPRL 12C i n  i n f e c t e d  p in e  
sa p w o o d . T r a c k s 1 a n d 16 r e p r e s e n t m o le c u la r w e ig h t m a r k e r s . T r a c k s 2 ,9  a n d  15 
a r e e x t r a c t s o f FPRL 12C ( s t a n d a r d p r e p a r a t i o n ) . T r a c k s 3 -8 a n d 1 0 -1 3  
r e p r e s e n t e x t r a c t s f ro m i n f e c t e d wood b l o c k s w i t h t h e f o l l o w i n g w e ig h t  l o s s e s  
(3 ) 2 6 .7 3 % , (4 ) 2 4 .5 1 % , ( 5 ) 19 .2 8 % , (6 ) 15 .4 4 % , (7 ) 1 1 .0 3 % , ( 8 ) 8 .2 9 % , (1 0 )  
4 .2 4 % , (1 1 ) 1 .0 2 % , (1 2 ) 0 .4 7 % , (1 3 ) 0 .0 % . A s a m p le o f u n i n f e c t e d wood i s show n 
i n t r a c k 14
1 3 S 7 9 11 13 IS I
2 4 6 8 10 12 14 16 j
I t  w as a l s o  n o t e d  t h a t  t h e  m a jo r  a n t i g e n i c  b a n d s  p r e s e n t  i n  t h e  d e c a y e d  wood 
s a m p le s w e re v e r y m uch s h a r p e r t h a n t h o s e p r e s e n t i n t h e l i q u i d c u l t u r e  
m a t e r i a l .
P r e v io u s  s t u d i e s  h a v e  show n t h a t  m o r p h o lo g i c a l l y  d i f f e r e n t  s t r u c t u r e s  o f  
S . l a c r v m a n s p r o d u c e d d i f f e r e n t p r o t e i n p r o f i l e s w hen a n a l y s e d b y s i l v e r  
s t a i n i n g o f SDS-PAGE g e l s (V ig ro w e t a l 1 9 8 9 ) . E x t r a c t s o f y o u n g a n d a g e d  
m y c e l ia w e re c o m p a re d i n o r d e r t o i n v e s t i g a t e t h e n a t u r e o f t h e a n t i g e n i c  
p r o f i l e s o f d i f f e r e n t r e g io n s o f a g a r grow n c u l t u r e s o f FPRL 12C . Some 
d i f f e r e n c e s w e re s e e n i n p r o t e i n p r o f i l e s b e tw e e n t h e 2 e x t r a c t s ( d a t a n o t  
show n) b u t m a jo r d i f f e r e n c e s w ere a p p a r e n t w hen a n t i g e n p r o f i l e s w e re c o m p ared  
( F i g . 5 ) . I t w as a l s o n o t e d t h a t t h e p a t t e r n f o r t h e y o u n g m y c e liu m w as 
o c c a s i o n a l l y  d i s p l a y e d  a s  a  c o m p o n en t o f  t h e  s t a n d a r d  p r o f i l e  f o r  S ■ la c rv m a n s
12C ( F i g 5 ) , h o w e v e r t h e s t a n d a r d p r o f i l e m ore c l e a r l y m i r r o r e d t h e p a t t e r n
fo u n d i n t h e a g e d m y c e liu m . O v e r a l l i t c o u ld b e c o n c lu d e d t h a t t h e a n t i g e n
p r o f i l e f o r t h e s t a n d a r d p r e p a r a t i o n o f S . la c rv m a n s 12C w as a c o m p o s i t e o f
t h e y o u n g a n d a g e d m y c e l i a l p a t t e r n s . I t s h o u ld b e n o t e d t h a t a g e d a n d y o u n g
m y c e l i a w e re h a r v e s t e d fro m a g a r c u l t u r e s w h e re a s t h e s t a n d a r d FPRL 12C
p r e p a r a t i o n w as c u l t u r e d i n l i q u i d m edium . To c h e c k w h e th e r t h e fo rm o f medium
h a d a n y e f f e c t o n t h e a n t i g e n i c p a t t e r n s a c o m p a r is o n w as m ade b e tw e e n t h a t
f o r t h e s t a n d a r d l i q i u d c u l t u r e d m y ce liu m a n d c o m p o s i te m y c e l i a l m a t e r i a l
mss
s c r a p e d  fro m  t h e  w h o le  o f  t h e  s u r f a c e  g ro w th  on  a n  a g a r  p l a t e .  Such h a r v e s t s  
g a v e i d e n t i c a l a n t i g e n i c p r o f i l e s ( F ig 6 ) .
F ig  5 .
C o m p a r iso n  o f  t h e  a n t i g e n i c  p r o f i l e s  o f  y o u n g  a n d  a g e d  m y c e l i a l  e x t r a c t s  o f  
? , l a c r y m a n s . T r a c k s 1 a n d 15 r e p r e s e n t m o le c u la r w e ig h t m a r k e r s . T ra c k s 2 ,8  
a n d 14 a r e t h e s t a n d a r d p r e p a r a t i o n o f S , la c rv m a n s FPRL 12C. T ra c k s 1 1 ,1 2 and  
13 a r e e x t r a c t s o f y o u n g m y c e l ia fro m a f i r s t s u b c u l t u r e o f FPRL 12C, t r a c k s  
5 ,6 a n d 7 a r e s i m i l a r e x t r a c t s fro m m a t e r i a l c u l t u r e d som e 6 m o n th s l a t e r .  
T r a c k s 9 a n d 10 a r e e x t r a c t s o f a g e d m y c e l ia fro m t h e f i r s t s u b c u l t u r e ,  
t r a c k s 3 a n d 4 r e p r e s e n t s i m i l a r m a t e r i a l fro m t h e l a t e r c u l t u r e .
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C o m p a r iso n  o f  t h e  r e s u l t s  show n i n  F ig .  4 a n d  F ig .  5 i n d i c a t e  t h a t  t h e  a n t i g e n  
p a t t e r n f o r t h e y o u n g m y ce liu m v e r y c l o s e l y r e s e m b le d t h a t o f p in e an d lim e  
sapw ood grow n m y c e liu m . C o n f i r m a t io n o f t h i s o b s e r v a t i o n i s g iv e n i n F ig . 7 , 
w i t h a n t i g e n s fro m th e 2 wood ty p e s p r o d u c in g s i m i l a r p a t t e r n s i n W e s te rn  
b l o t t i n g . T h ese r e s u l t s c o n f i r m t h a t t h e a n t i g e n s fo u n d i n y o u n g g ro w in g  
r e g i o n s  o f  S , l a c rv m a n s  FPRL 12C an d  i n  p in e  a n d  l im e  sapw ood (0-20%  an d  0-23% 
w e ig h t l o s s e s r e s p e c t i v e l y ) a r e s i m i l a r i n m o le c u la r w e ig h t an d p o s s i b l y a l s o  
i n i d e n t i t y . I n f u r t h e r s u p p o r t o f t h i s i t w as fo u n d t h a t a c o m p a r is o n o f th e  
s i l v e r s t a i n e d p r o f i l e s o f t h e y o u n g m y c e l i a l r e g io n s o f S . la c rv m a n s w i th th e  
4 b l o c k s  n o t e d  a b o v e  ( w e ig h t  l o s s  i n  r a n g e  1 .5 6  t o  20 .0% ) g av e  a  m ean 
s m i l a r i t y in d e x o f 7 2 .6 2 + 2 .8 8 , a v a lu e w h ic h i s s i g n i f i c a n t l y h i g h e r  
(p > 0 .0 1 ) t h a n t h a t fo u n d w hen t h e wood m a t e r i a l w as co m p a red w i th th e s t a n d a r d  
FPRL 12C p r e p a r a t i o n .
Fig 6.
E f f e c t  o f  d i f f e r e n t  c u l t u r e  m e d ia  o n  t h e  a n t i g e n i c  p r o f i l e  o f  S . la c rv m a n s  FPRL 
12C . T r a c k s  1 a n d  17 a r e  m o le c u la r  w e ig h t  m a r k e r s .  T r a c k s  2 ,9  a n d  16 a r e  th e  
s t a n d a r d  p r e p a r a t i o n  o f  S . la c rv m a n s  FPRL 12C. T ra c k s  1 0 -1 5  r e p r e s e n t  m a t e r i a l  
h a r v e s t e d  fro m  l i q u i d  c u l t u r e  (3  s u b c u l t u r e s  a t  d i f f e r e n t  d a y s  o f  u p l i f t ) ,  
t r a c k s  3 -8  r e p r e s e n t  s o l i d  c u l t u r e  m a t e r i a l  (3  s u b c u l t u r e s  a t  d i f f e r e n t  d a y s  
o f  u p l i f t ) . 1 3 5 7 9 11 13 15 172 4 6 8 10 12 14 16
F ig  7 .
C o m p a r iso n  o f  a n t i g e n i c  p r o f i l e s  f o r  y o u n g  m y c e l ia  a n d  S . l a c ry m a n s  i n f e c t e d  
p in e  a n d  l im e  sa p w o o d . T r a c k s  1 a n d  16 r e p r e s e n t  m o le c u la r  w e ig h t  m a r k e r s .  
T r a c k s  2 an d  15 a r e  t h e  s t a n d a r d  p r e p a r a t i o n  o f  S . l a c r v m a n s . T r a c k s  3 a n d  10 
r e p r e s e n t  e x t r a c t s  o f  y o u n g  S . l a c rv m a n s  m y c e l i a .  T r a c k s  4 , 6 , 1 1 , 1 2 , 1 3  an d  14 
r e p r e s e n t  e x t r a c t s  o f  i n f e c t e d  p i n e  b l o c k s  w i th  w e ig h t  l o s s e s  o f  4 5 .2 % ,
3 9 .8 4 % , 1 9 .2 8 % , 2 0 .6 6 % , 1.02%  a n d  2.77%  r e s p e c t i v e l y .  T r a c k s  5 , 7 , 8  a n d  9 
r e p r e s e n t  i n f e c t e d  l im e  b l o c k s  w i th  w e ig h t  l o s s e s  o f  6 1 .9 9 % , 54 .9 1 % , 2 3 .2 7  an d
0.0%  r e s p e c t i v e l y .
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DISCUSSION
P r e v io u s  s t u d i e s  h a v e  i n d i c a t e d  t h a t  p r o t e i n  p r o f i l e s  o b t a i n e d  b y  SDS-PAGE f o r  
d i f f e r e n t  g e n e r a  an d  s p e c i e s  o f  wood d e c a y  f u n g i  show  s u b s t a n t i a l  an d  
r e p r o d u c i b l e  d i f f e r e n c e s  (V ig ro w  e £  a l. 1 9 8 9 , S m ith  a n d  K e b e rn ik  1 9 8 9 ) .  S uch  
s t u d i e s  t o g e t h e r  w i th  i n f o r m a t io n  f ro m  o t h e r  a r e a s  o f  m y co lo g y  i n d i c a t e  t h a t  
a n t i g e n i c  d i f f e r e n c e s  b e tw e e n  wood d e c a y  f u n g i  w i l l  a l s o  o c c u r  a n d  t h e s e  h a v e  
b e e n  d e m o n s t r a te d  u s i n g  a n  a n t i s e r u m  a g a i n s t  L . l e o i d e u s  (G la n c y  e t  a l  1 9 8 9 ) . 
E x p l o i t a t i o n  o f  t h e s e  d i f f e r e n c e s  w o u ld  a l l o w  th e  w id e  r a n g e  o f  im m u n o lo g ic a l  
t e c h n i q u e s  t o  b e  a p p l i e d  to  o rg a n is m  i d e n t i f i c a t i o n  a s  th e y  a r e  a l r e a d y  b e in g  
a p p l i e d  t o  f e a t u r e s  o f  th e  d e c a y  p r o c e s s  ( S r e b o t n ik  e t  a l  1 9 8 8 , P a lf r e y m a n  £ t  a l  1 9 8 8 ) .
U s in g  a  s im p le  im m u n is a tio n  s c h e d u le  we h a v e  p r o d u c e d  a n  a n t i s e r u m  w h ic h , 
w h i l s t  i t  show s l i t t l e  s p e c i f i c i t y  to w a rd s  t h e  im m unogen u s e d ,  S . l a c r v m a n s . 
n e v e r t h e l e s s  r e v e a l s  c o n s i d e r a b l e  a n t i g e n i c  v a r i a t i o n  b e tw e e n  a  r a n g e  o f  
f u n g i .  The num ber o f  m o le c u la r  s p e c i e s  i d e n t i f i e d  w i th  t h i s  a n t i s e r u m  i s  
som ew hat l e s s  t h a n  th e  num ber i d e n t i f i e d  b y  s i l v e r  s t a i n i n g  o f  p o ly a c r y la m id e  
g e l s .  H ow ever t h e r e  i s  s u f f i c i e n t  d i f f e r e n c e  b e tw e e n  o rg a n is m s  t o  p ro p o s e  th e  
u s e  o f  im m u n o d e te c tio n  s y s te m s  a s  a i d s  t o  o rg a n is m  i d e n t i f i c a t i o n .  I n d e e d , 
u s i n g  th e  W e s te rn  b l o t t i n g  s y s te m  d e s c r i b e d ,  i t  i s  p r o b a b le  t h a t  
i d e n t i f i c a t i o n  c o u ld  b e  a c h i e v e d  e v e n  w i th  t h e  p r e s e n t ,  n o n - s p e c i f i c  
a n t i s e r u m .  V i s u a l  o b s e r v a t i o n  o f  b a n d in g  p a t t e r n s  may b e  s u f f i c i e n t  f o r  
i d e n t i f i c a t i o n  p u r p o s e s  b u t  i t  h a s  b e e n  show n t h a t  i t  i s  p o s s i b l e  t o  b a s e  
i d e n t i f i c a t i o n  m e th o d s  on  c o m p u te r i s e d  d a t a  a n a l y s i s  o f  b a n d in g  p a t t e r n s  o f  
s i l v e r  s t a i n e d  g e l s .  T h ese  m e th o d s  o f  n u m e r ic a l  tax o n o m y  u s e  r e l a t i v e l y  
s o p h i s t i c a t e d  s c a n n in g  an d  c o m p u te r i s e d  s t a t i s t i c a l  m e th o d s  (Ja c k m a n  £ t  a l  
(1 9 8 3 )  a n d  K e r s t e r s  ( 1 9 8 5 ) ) .  S uch  s y s te m s  h a v e  n o t  y e t  b e e n  a p p l i e d  t o  wood 
d e c a y  o rg a n is m s  th o u g h  i t  seem s p r o b a b le  t h e y  c o u ld  b e  u s e d  t o  a n a ly s e  b o th  
s t a i n e d  g e l s  an d  W e s te rn  b l o t  p a t t e r n s  i f  e x p e r i m e n t a l  c o n d i t i o n s  r e q u i r e d  
t h e i r  u s e .
Two m a jo r  b a n d s  w e re  r o u t i n e l y  d e t e c t e d  b y  t h e  W e s te rn  b l o t t i n g  o f  i s o l a t e s  o f  
s t a n d a r d  p r e p a r a t i o n s  o f  S ■ l a c r v m a n s . T h ese  b a n d s ,  w h i l s t  t h e y  r e p r e s e n t  m a jo r  
a n t i g e n s ,  a r e  n o t  w e l l  d e f i n e d  i n  s i l v e r  s t a i n e d  SDS-PAGE p r o f i l e s .  W h i l s t  th e  
m a j o r i t y  o f  p r o t e i n s  g iv e  v e r y  s h a r p  b a n d s  on  s i l v e r  s t a i n e d  g e l s  t h e s e  two 
m a jo r  a n t i g e n s  o f  S . la c rv m a n s  a p p e a r e d  a s  i n d i s t i n c t ,  i . e .  b a d ly  d e f in e d ,  
b a n d s .  R ig o r o u s  p r e c a u t i o n s  t o  p r e v e n t  p r o t e i n  d e g r a d a t i o n  d u r i n g  th e  p e r io d  
b e tw e e n  e x t r a c t i o n  an d  s e p a r a t i o n  on  a n  SDS-PAGE g e l  h a d  l i t t l e  e f f c e t  on th e  
n a t u r e  o f  t h e s e  b a n d s .  F u r th e r m o r e ,  I n d i a n  i n k  s t a i n i n g  o f  t r a n s f e r r e d  
p r o t e i n s  g a v e  s h a r p  b a n d in g  p a t t e r n s  i n d i c a t i n g  t h a t  t h e  i n d i s t i n c t  n a tu r e  o f  
t h e  m a jo r  a n t i g e n s  w as u n l i k e l y  t o  b e  a s s o c i a t e d  w i t h  d e g r a d a t i o n  d u r in g  th e  
b l o t t i n g  p r o c e d u r e .  I t  t h e r e f o r e  seem s p r o b a b le  t h a t  t h e s e  a n t i g e n s  e i t h e r  
r e p r e s e n t  p r o c e s s e d  fo rm s  o f  s p e c i f i c  p r o t e i n s ,  e . g .  g l y c o p r o t e i n s ,  o r  th e y  
a r e  p a r t i a l  b re ak d o w n  p r o d u c t s  o f  p a r t i c u l a r  p r o t e i n s .  I n  e i t h e r  c a s e ,  t h e i r  
v i s u a l  a b s e n c e  on  s i l v e r  s t a i n e d  g e l s  e m p h a s is e s  t h e i r  h ig h  a n t i g e n i c i t y .  
A l t e r n a t i v e l y  t h e y  may b e  p a r t i c u l a r l y  r e s i s t a n t  t o  s t a i n i n g  b y  t h e  m eth o d  o f  
Blum e t  a l  ( 1 9 8 7 ) .  E x p e r ie n c e  w i th  som e o t h e r  a n t i s e r a  t h a t  h a v e  b e e n  r a i s e d  
a g a i n s t  d i f f e r e n t  wood d e c a y  f u n g i  i n d i c a t e s  t h a t  th e  a p p e a r a n c e  o f  i n d i s t i n c t  
b a n d s  on  W e s te rn  b l o t t i n g  i s  n o t  r e s t r i c t e d  t o  S . l a c r v m a n s . I n t e r e s t i n g l y ,  
some o t h e r  d e c a y  o rg a n is m s  w h ic h  c r o s s  r e a c t e d  w i th  t h e  S ■ la c rv m a n s  a n t i s e r u m  
a p p e a r e d  t o  show  a  g r e a t e r  r a n g e  o f  c r o s s  r e a c t i n g  p r o t e i n s  t h a n  t h e  o r i g i n a l  
im m unogen.
I t  h a s  b e e n  e s t a b l i s h e d  f o r  a  num ber o f  y e a r s  t h a t  v a r i o u s  p r o t e i n  co m p o n en ts  
o f  t h e  m y c e l i a l  p h a s e  o f  a  f u n g u s  c a n  a l t e r  w i th  s u b s t r a t e ,  e . g .  th e  
p r o d u c t i o n  o f  s p e c i f i c  d i g e s t i v e  en zy m es d e p e n d s  u p o n  t h e  g ro w th  s u b s t r a t e  
( H ig h le y  1 9 7 3 ) .  I t  w as t h e r e f o r e  o f  i n t e r e s t  t o  d e te r m in e  i f  t h e  m a jo r  
a n t i g e n s  p r e s e n t  i n  l i q u i d  c u l t u r e  w e re  a l s o  p r e s e n t  w hen t h e  f u n g u s  was grow n 
i n  a  wood s u b s t r a t e .  P r e v io u s  s t u d i e s  h a v e  show n t h a t  w hen S , la c rv m a n s  i s  
g row n  i n  s m a l l  l im e  b lo c k s  a  num ber o f  d i f f e r e n c e s  a r e  s e e n  i n  SDS-PAGE 
p r o t e i n  p r o f i l e s  ( P a l f r e y m a n  e t  a l  1 9 9 0 ) .  T h is  c u r r e n t  p a p e r  show s d i f f e r e n c e s
b e tw e e n  a n t i g e n i c  p r o f i l e s  o f  m y c e l ia  g ro w n  i n  t h e  tw o s y s te m s .  F u r th e r m o r e ,  
t h e  b a n d in g  p a t t e r n  f o u n d  f o r  w ood e x t r a c t e d  m a t e r i a l  w as v e r y  m uch s h a r p e r  
t h a n  t h a t  f o u n d  f o r  t h e  l i q u i d  c u l t u r e  m a t e r i a l .  T he p r o d u c t i o n  o f  new 
a n t i g e n s  i n  i n f e c t e d  w ood s u g g e s t s  t h a t  t h e s e  m ig h t  r e p r e s e n t  d i g e s t i v e  
en zy m es d e s p i t e  t h e  f a c t  t h a t  t h e  im m unogen u s e d  f o r  a n t i s e r u m  p r o d u c t i o n  
c o n s i s t e d  o f  w a sh e d  m y c e liu m . H ow ever t h e  s i m i l a r i t y  o f  t h e  i n f e c t e d  wood 
a n t i g e n s  t o  t h o s e  d e t e c t e d  i n  y o u n g  m y c e liu m  i n d i c a t e s  t h a t  t h e s e  a h t i g e n s  a r e  
a s s o c i a t e d  w i t h  t h e  g ro w th  p h a s e  o f  t h e  o r g a n is m  r a t h e r  t h a n  t h e  s u b s t r a t e  
u t i l i s e d .  F u r t h e r  e x p e r im e n t s  a r e  u n d e rw a y  t o  d e te r m in e  i f  t h e s e  a n t i g e n s  a r e  
in d e e d  a s s o c i a t e d  w i t h  t h e  p h a s e  o f  g ro w th  o f  t h e  o r g a n is m  a n d  t o  d e te r m in e  i f  
o t h e r  s u c h  a n t i g e n s  c a n  b e  f o u n d  f o r  d i f f e r e n t  d e c a y  o r g a n is m s .  P r e l im i n a r y  
r e s u l t s  w i t h  S . la c r v m a n s  i s o l a t e  B F -015B , w h ic h  i s  t h o u g h t  t o  b e  S e r p u l a  
h i m a n t i o i d e s  (S c h m id t  a n d  K e r b e r n ik  1 9 8 9 ) ,  i n d i c a t e  t h a t  a n t i g e n i c  p r o f i l e s  o f  
y o u n g  a n d  a g e d  m y c e l i a  o f  t h i s  o r g a n is m  a r e  d i f f e r e n t  ( d a t a  n o t  s h o w n ) . I f  
g ro w th  p h a s e  a n t i g e n s  e x i s t  t h e n  i t  may b e  t h a t  im m u n o lo g ic a l  m e th o d s  w i l l  
h a v e  t h e  p o t e n t i a l  t o  d e te r m in e  o rg a n is m  s t a t u s .  S in c e  s u c h  a n t i g e n s  a p p e a r  t o  
b e  p r e s e n t  i n  i n f e c t e d  w ood , i t  may b e  p o s s i b l e  t o  d e v i s e  s y s te m s  w h ic h  c a n  
g iv e  i n f o r m a t io n  o n  t h e  e f f e c t i v e n e s s ,  f o r  e x a m p le ,  o f  b i o c i d e  t r e a t m e n t s .
I t  w i l l  b e  n o t e d  t h a t  tw o  m a jo r  a n t i g e n s  a r e  d e t e c t e d  i n  b o t h  a g e d  m y c e l i a  an d  
y o u n g  m y c e l i a / i n f e c t e d  w ood e x t r a c t s .  T h e s e  a n t i g e n s  may r e p r e s e n t  t o t a l l y  
d i f f e r e n t  m o le c u la r  s p e c i e s .  A l t e r n a t i v e l y  t h e  i n d i s t i n c t  b a n d s  f o u n d  i n  t h e  
a g e d  m y c e l i a  may r e p r e s e n t  p r o c e s s e d  fo rm s  o f  t h e  a n t i g e n s  p r e s e n t  i n  t h e  
c o l o n i s i n g  m y c e l i a .  T h is  h y p o t h e s i s  i s  c u r r e n t l y  u n d e r  t e s t  a n d , i f  fo u n d  t o  
b e  c o r r e c t ,  w o u ld  i n d i c a t e  t h a t  t h e  a n t i g e n s  d e t e c t e d  d o  n o t  s im p ly  r e p r e s e n t  
t h e  a p p e a r a n c e  o f  i n d u c i b l e  e n z y m e s , s u c h  a s  c e l l u l a s e s .  I t  may b e  t h a t  t h e  
p r o t e i n s  d e t e c t e d  im m u n o lo g ic a l ly  m ay b e  g l y c o p r o t e i n s ,  s i n c e  t h e s e  a r e  known 
t o  b e  p a r t i c u l a r l y  a n t i g e n i c  (G a n d e r  1 9 7 4 ) .  I n  a d d i t i o n  t h e  m o le c u la r  w e ig h t  
o f  p a r t i c u l a r  g l y c o p r o t e i n s  c a n  a l t e r  v a r y  g r e a t l y  d u r i n g  p r o c e s s i n g  ( S p e a r  
1 9 7 6 ,H a a r r  a n d  M a rsd e n  1 9 8 1 ) c o n s i s t e n t  w i t h  t h e  d a t a  f o u n d  i n  t h i s  
e x p e r im e n t .
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